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CHAPTER  L 
GENERAL  FACTS  AND  PRINCIPLES. 

In  dealing  with  the  subject  of  ventilation  in  any  form,  it  is  necessary 
to  touch  upon  elementary  facts,  which  are  applicable  to  whatever  class  of 
building  or  place  it  may  l>e  required  to  ventilate,  yet  anything  like  a  detailed 
description  of  ths  special  and  more  complicated  methods  which  may  be  required 
for  public  buildings  and  institutions,  or  for  factories,  is  beyond  the  scope  of 
this  work,  and  will  not  be  attempted.  The  object  of  this  section  of  the  book 
is  to  place  before  architects,  builders,  students,  and  householders,  such  a  view  of 
the  subject  as  will  enable  them  intelligently  to  comprehend  the  possibilities  of 
securing  efficient  ventilation  in  our  British  homes;  for,  although  the  principles 
are  the  same  the  whole  world  over,  there  are  in  some  regions  climatic  conditions 
and  national  customs  which  require  distinctive  consideration  and  treatment.  It 
is,  however,  undesirable  herein  to  complicate  the  subject  by  discussing  such 
special  and  somewhat  exceptional  demands. 

Important  as  it  may  be  that  every  architect  and  builder  should  have  a  clear 
conception  of  what  can  be  done  to  provide  for  efficient  ventilation  throughout 
a  dwelling,  and  that  they  should  apply  such  knowledge  in  a  practical  manner, 
it  is  even  more  essential  that  every  householder  should  understand  the  limits  to 
the  power  of  an  architect  or  builder  to  make  provision  for  ventilation  under 
varying  conditions  of  the  atmosphere,  and  in  the  various  apartments  of  a  dwell- 
ing, and  that  he  should  also  realize  the  necessity  for  constant  supervision  and 
regulation,  even  when  the  greatest  care  and  knowledge  have  been  employed  in 
providing  suitable  means  for  ventilation. 

Nothing  has  been  more  fruitful  in  developing  erroneous  notions  upon  the 
subject  of  ventilation  than  the  employment  of  unscientific  terms  in  connection 
therewith,  such  as  Automatic  Ventilation.  Ventilation,  by  whatever  means  it- 
is  induced,  is  the  result  of  certain  agencies  or  forces,  either  natural  or  mechani- 
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co/  hut  never  automatic.  Natural  means  may  be  employed,  or  mechanical 
meftns,  to  secure  ventilation,  but  with  neither  must  it  for  ft  moment  be  supposed 
that  the  action  is  automatic.  This  question  of  terms,  which  is  of  the  utmost 
importance  to  a  proper  understanding  of  the  subject,  is  now  simply  mentioned 
as  a  precaution  before  defining  what  should  be  understood  by  the  term  "Ven- 
tilation H. 

Ventilation  is  far  more  than  providing:  for  change  of  air.  Most  peopl.  i 
aakcd  what  w  implied  by  the  term  Ventilation,  would  answer— Change  of  air. 
Thw  U  true  so  far  as  it  goes,  but  because  it  is  only  a  portion  of  the  truth,  the 
answer  i*.  to  say  the  least,  misleading.  This  can  be  easily  proved  by  throwing 
open  the  windows  of  a  crowded  and  overheated  room  on  a  cold  and  windy 
night.  Change  of  air  may  quickly  l>e  procured,  but  certainly  not  the  efficient 
ventilation  of  the  apartment,  Iwcause  discomfort  to  the  occupants  would  cer- 
tainly result.  In  occupied  rooms,  something  more  than  mere  change  of  air  is 
nocoooifj  to  secure  good  ventilation,  for,  although  in  the  abstract  ventilation  is 
one  and  the  same,  it  may  l»c  qualified  in  degree,  and  therefore  it  is  ever  neces- 
sary to  enlarge  on  several  elementary  facts,  which  must  be  clearly  borne  in  mind 
and  taken  into  account  whenever  an  apartment  has  to  be  ventilated,  or  when 
mean*  have  to  be  devised  whereby  a  whole  building,  consisting  of  several  apart- 
ment* of  van-ing  sixe  and  employed  for  various  purposes  under  varying  condi- 
tions, has  to  be  ventilated ;  and  in  addition  to  these  elementary  facts,  there  are 
influences  at  work  of  a  more  subtle  nature,  some  of  them  as  yet  but  imper- 
fectly understood,  which  nevertheless  should  be  examined,  so  that  they  may  be 
encouraged  or  counteracted  as  required.  , 

It  U  more  particularly  with  respect  to  the  physical  properties  of  the  atmo- 
sphere, and  it*  effect*  upon  human  existence,  that  our  subject  is  concerned,  ;md 
consequently  it  must  l>e  clearly  grasped  that,  apart  from  exceptional  or  n< « i 
dental  circumstances,— 

1.  Life1  i*  only  sustained  when  atmospheric  air  can  l>e  freely  breathed. 

2.  To  sustain  healthy  life,  air  must  !»<•  pure  and  uncontaminated. 

3.  Vitality  will  be  impaired,  either  temporarily  or  permanently,  if  air  bo 
breathed  which  is  contaminated  or  is  Inflow  the  normal  state  of  purity,  in  pro- 
portion to  the  time  during  which  it  has  l>een  breathed  and  the  degree  of  its 
imparity. 

Air  is  not  necessarily  pure  even  in  the  open  and  apart  from  human 


1  HMMD  life  •  km  naftkolariy  nfcmd  to,  bat  UM  statement  applies  to  most  living  creatures  in  the  higher 
«f  raMMm;  mawpMtljr  mcti  that  applm  to  UM  ventilation  of  building*  erected  for  human  habitation,  will 
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5.  It  is,  however,  more  frequently  contaminated  by  human  agencies. 

6.  When  air  is  allowed  freedom  to  circulate,  there  are  many  processes  at 
work  by  which  it  is  maintained  at  almost  uniform  composition,  and  by  which 
it  is  purified  after  contamination. 

7.  When  inclosed  within  a  building,  it  may  be  quickly  contaminated  from  a 
variety  of  causes. 

These  are  the  principal  reasons  why  ventilation  is  necessary,  and  why  it 
should  be  intelligently  induced ;  they  will  therefore  be  enlarged  upon : — 

1.  The  action  of  respiration,  which  continues  so  long  as  life  is  sustained, 
alternately  supplies  air  to  the  lungs  and  expels  it  therefrom.     The  lungs,  being 
of  thin  membranes  formed  into  innumerable  small  cells  or  vesicles,  which  by 
muscular  action  of  the  body  are  expanded,  suck  in  air  by  the  bronchial  tubes 
and  windpipe,  through  the  nose  and  mouth,  and  then,  when  the  muscular  action 
is  relaxed,  they  contract  and  expel  the  air,  which,  however,  has  in  the  meantime 
been  brought  into  very  intimate  contact  with  the  blood  circulating  throughout 
the  large  extent  of  lung  tissue,  and  has  undergone  a  considerable  change  in 
composition   and   temperature,  a   change    by   which   air   is   undoubtedly  con- 
taminated, and  made  less  capable  of  sustaining  a  healthy  existence,  particularly 
when  confined  within  buildings. 

2.  Without  examining  closely  the  composition  of  atmospheric  air,  it  may  be 
accepted  that  it  is  a  mechanical  mixture  of  gases — viz.  oxygen  and  nitrogen— 
approximately  in  the  proportions  of  one  volume  of  oxygen  to  four  of  nitrogen, 
together  with  a  varying  percentage  of  carbonic  acid ;  in  addition  to  which  ozone 
and,  more  recently,  argon  have  been  found  in  it.     Vapour  of  water  also,  in  vary- 
ing quantities — principally  regulated  by  the  temperature  of  the  air  and  its 
proximity  to  moisture — is  always  present,     What  may  be  the  exact  composition 
of  air  most  suitable  for  sustaining  healthy  life  we  have  no  means  at  the  present 
time  of  ascertaining,  and  the  probability  is  that  different  constitutions  demand 
for  their  healthy  development  different  states  of  the  atmosphere,  and  that  these 
demands  vary  at  different  stages  in  life. 

All  investigators  agree  that  in  the  composition  of  atmospheric  air  the  most 
essential  and  active  agent  is  oxygen;  but  alone,  that  gas  would  be  too  powerful 
in  its  action  upon  the  blood,  and  would  quickly  consume  life. 

Nitrogen  acts  as  a  diluent,  and  many  consider  that  it  is  limited  to  this  office, 
but  there  are  reasons  for  assuming  that  nitrogen  has  active  although  com- 
paratively obscure  functions  to  perform  in  connection  with  the  support  of  the 
human  frame. 

Carbonic  acid  (a  chemical  composition  formed  by  the  combination  of  two 
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parts  of  oxygen  with  one  part  of  carbon)  exist*  in  the  atmosphere  in  a  gaseous 
•late,  and,  where  it  does  not  exceed  j^  part  in  volume,  is  not  regarded  as  an 
impurity:  but  air  known  to  be  impure  has  almost  invariably  been  found  to 
contain  larger  quantities  of  this  gas.  Consequently  its  relative  proportion  has 
been  considered  a  test  of  atmospheric  purity.  The  most  recent  investigations, 
however,  tend  to  show  that,  within  buildings,  it  must  only  be  taken  as  an 
index,  and  not  that  this  gas  itself  is  the  actual  contamination. 

The  definite  functions  of  other  gases  which  have  been  found  in  the  atmo- 
sphere are  so  far  unascertained  as  regards  the  support  of  healthy  life;  it  may 
therefore  Iw  generally  accepted  that  air  containing  normal  proportions  of  oxygen 
and  nitrogen,  with  a  small  percentage  of  carbonic  acid,  as  above  stated,  together 
with  a  varying  amount  of  vapour  of  water  proportionate  to  the  temperature, 
ix  capable  of  fulfilling  all  its  functions  in  connection  with  the  maintenance 
of  life,  and  in  that  state  may  be  considered  pure  and  wholesome  to  breathe. 
ThU  may  l*e  regarded  as  the  neutral  side  of  the  question  in  respect  to  ventila- 
tion. 

3.  Contamination  of  atmospheric  air  by  the  presence  of  other  products  is 
the  /xW/irv  side  of  the  question,  and   will   claim   more   particular  attention 
hereafter.     Evidence  is  constantly  forthcoming  to  prove  that,  if  air  be  greatly 
contaminated,  death  results  from   breathing  it,  and   that,  even  when  the  im- 
purities in  the  air  are  not  sufficient  to  cause  death  quickly,  they  may  in  the 
course  of  time  so  impair  the  respiratory  organs,  or  lower  the  general  tone  of  the 
body,  that  illness  or  untimely  death  results. 

4.  Contamination  of  the  outer  air  may  be  the  result  of  natural  processes 
quite  ajwirt  from  human  interference,  not  only  in  countries  universally  recogni/.ecl 
as  being  unhealthy,  but  also  in  lesser  areas  even  in  our  own  country,  so  that 
mere  change  of  one  portion  of  such  air  within  a  building  for  another  portion 
from  the  outside  similarly  contaminated  will  not  secure  good  ventilation.     In 
fact,  there  are  districts  in  which  at  times  it  is  more  healthy  to  live  within  doors 
than  to  remain  in  the  open. 

5.  The  outer  atmosphere  is  more  liable  to  contamination  by  human  agencies, 
which  may  affect  whole  districts,  or  be  simply  produced  in  or  around  a  single 
dwelling  or  factory.      In  either  case,  it  is  unreasonable  to  expect  that  good 
ventilation  can  be  secured  by  simply  changing  the  air  within  a  building  for  that 
from  without,  when  the  latter  is  contaminated. 

6.  Although  atmospheric  air  is,  even  in  the  open,  frequently  contaminated 
by  the  pretence  of  other  gases,  by  vapours,  and  even  by  solid  substances,  nature 
IMS  fortunately  provided  many  processes  of  purification,  both  simple  and  com- 
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plex,  by  means  of  which  the  air  in  most  localities,  after  contamination,  again 
b»M-».nu-s  j.uiv  aii'i  beahhj  ho  lin-.-uii,-. 

Movement  is  perhaps  the  most  necessary  for  bringing  about  this  desirable 
end,  for  where  there  is  stagnation  some  imparities  increase,  and  often  become 
dangerous  to  health.  Sunlight  also  plays  a  very  active  part  Most  vegetable 
growth  assists  by  alworbing  the  excess  of  carbonic  acid,  and  even  the  mineral 
kingdom  exerts  some  influence.  Water,  in  the  raging  storm,  the  soft  rain  and 
gentle  dew,  in  many  a  tiny  stream  and  brooklet,  in  the  slowly  gliding  as  well  as 
in  the  rushing  river,  in  the  placid  lake  and  mighty  ocean,  is  almost  everywhere 
assisting  in  maintaining  the  atmosphere  in  an  uniform  and  healthy  state.  Heat 
and  cold  exert  a  powerful  influence  in  the  same  direction. 

Yet  it  must  be  remembered  that,  wherever  impure  matter  or  source  of 
contamination  exists,  these  purifying  agencies  may  be  neutralized,  and  some 
may  even  be  made  to  assist  in  developing  and  spreading  the  impurities.  In 
fact,  so  numerous  and  so  complex  are  the  agencies  and  processes  which  affect 
the  atmosphere,  either  favourably  or  adversely  as  regards  human  existence, 
that  the  whole  realm  of  natural  science  might  be  brought  to  bear  upon  the 
subject  ere  a  complete  knowledge  could  be  gained  respecting  all  the  require- 
ments necessary  to  secure  the  best  ventilation. 

7.  When  natural  agencies  are  excluded  from  exercising  their  purifying  effects 
upon  atmospheric  air  within  buildings,  it  becomes  more  and  more  contaminated, 
and  impurities  quickly  increase  by  respiration  and  exhalations  from  living 
creatures,  by  combustion,  by  putrefaction  of  animal  and  vegetable  matter,  by 
fermentation,  by  volatilization,  by  particles  of  innumerable  substances  in  the 
form  of  dust,  by  the  presence  of  living  organisms  resulting  from  disease,  and 
perhaps  in  other  ways  as  yet  undetected.  The  purification  of  the  air  in  build- 
ings is  best  secured  by  efficient  ventilation,  but  where  infectious  disease  has 
made  its  appearance  in  the  building,  antiseptic  and  more  decided  methods  must 
be  employed. 

The  foregoing  statements  as  to  the  complex  nature  of  the  subject  are  in- 
tended to  show  that,  if  means  for  securing  ventilation  are  to  be  employed 
beneficially,  they  must  be  applied  with  knowledge  and  be  regulated  with  judg- 
ment; and  also,  that  the  ever- varying  conditions  and  states  of  the  outer  atmo- 
sphere preclude  the  possibility  of  devising  any  appliance  or  apparatus  by  which 
constant  and  efficient  ventilation  can  be  automatically  procured. 

Advance  will  only  be  made  by  those  who  realize  the  necessity  of  pure  air 
as  a  means  of  securing  the  health  of  individuals  and  communities,  and  who 
also  acknowledge  the  intricacies  of  the  subject,  and  insist  upon  the  fact  that 
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constant  individual  attention  is  required  (even  when  reasonable  means  are  pro- 
vided), if  good  ventilation  is  to  be  continuously  secured.  Those  who  have  iu-\  < T 
studied  the  subject  are  ever  the  most  ready  to  affirm  that  it  is  a  very  simple 
matter,  and  to  condemn  architects  and  builders  for  not  providing  everlasting 
means  whereby,  under  the  most  varying  conditions,  a  supply  of  fresh  air,  exactly 
to  their  liking,  can  be  conveyed  to  them  without  trouble  or  further  expense, 
regardleas  of  the  facts  that  the  state  of  the  atmosphere  is  constantly  changing, 
that  apartments  are  variously  occupied,  and  that  individuals  are  so  constitute*  1 
or  affected  by  habit,  that  an  atmosphere  in  which  some  can  comfortably  exist,  is 
offensive  or  discomforting  to  others.  This  unreasonableness  on  the  one  hand, 
and  on  the  other  the  persistency  with  which  many  disregard  the  necessary 
provision  to  secure  ventilation,  or  even  decline  to  provide  for  it  because  of 
the  difficulties  it  presents,  are  responsible  for  retarding  true  progress  in  the 
matter. 

To  secure  ventilation  is  much  more  than  a  personal  undertaking-,  because  it  is 
UAele.Hs  to  expect  that  good  ventilation  can  l>e  obtained  unless  the  outer  atmo- 
sphere is  in  a  state  of  purity;  and  although  many  things  have  been  accomplished 
during  the  present  century, -in  a  communal  manner,  to  make  it  more  possible 
than  it  was  to  secure  a  sufficiently  pure  atmosphere  in  and  around  our  dwellings, 
the  fact  still  remains  that,  where  communities  are  thickly  congregated  in  cities 
and  towns,  constant  vigilance  is  required  on  the  part  of  Local  Authorities  to  pre- 
vent the  carelessness  of  some  and  the  apathy  of  others  jeopardizing  the  general 
health  by  uncleanliness,  or  by  permitting  the  accumulation  or  discharge  of  im- 
purities resulting  from  domestic  requirements  or  manufacturing  processes. 

The  State  and  Local  Authorities  have  in  recent  years  and  in  many  ways 
attempted  to  prevent  contamination  of  the  outer  atmosphere,  by  regulating 
the  discharge  of  smoke  and  noxious  gases,  by  preventing  the  pollution  of 
streams,  by  drainage,  by  the  removal  of  house-refuse,  by  the  cleansing  of 
streets,  by  regulating  the  keeping  of  animals  in  and  about  dwellings,  and  by 
the  notification  and  isolation  of  infectious  diseases;  but  there  is  still  much  that 
might  be  done,  not  only  in  the  courts  and  alleys  of  cities  and  towns,  but  also  in 
better -favoured  localities  and  country  places,  before  the  outer  atmosphere  can 
times  be  considered  reasonably  pure  and  wholesome;  and  even  when  all 
has  been  done  that  can  be  expected  of  the  State  and  of  Local  Authorities,  it  is 
-till  incumbent  upon  every  individual,  by  habits  of  personal  and  domestic 
cleanliness,  and  by  a  knowledge  and  daily  use  of  the  means  of  ventilation,  to 
safeguard  both  his  own  health  and  that  of  those  residing  around  him.  Regarded 
thus,  ventilation  is  a  collective  as  well  as  a  personal  matter. 
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If  every  individual  appreciated  the  value  to  health  which  results  from  con- 
stantly breathing  pure  air,  no  coat  would  be  spared  in  securing  it;  yet  because 
the  effects  of  living  in  an  impure  atmosphere  are  only  at  times,  ami  by  a  few 
highly -sensitive  people,  made  quickly  known,  the  majority  are  callous,  and 
begrudge  the  outlay  and  trouble  which  are  necessary  to  supply  tln-m  with 
wholesome  air.  They  hourly  take  into  their  .-y-t.-m-  an  insidious  poison  whi<  h, 
although  it  may  be  slow  in  its  effects,  will  certainly  cause  suffering  and  probably 
untimely  death.  Even  those  who  would  be  disgusted  at  the  idea  of  partaking 
of  food  not  perfectly  pure  and  fresh,  or  of  drinking  fluids  which  have  Income 
contaminated,  and  would  on  no  account  eat  or  drink  what  they  knew  had  lieen 
near  the  lips  of  anyone  else,  will  nevertheless  be  content  to  live  in  a  close  and 
unwholesome  atmosphere,  and  freely  breathe  the  air  which  has  recently  been 
respired  by  others,  regardless  of  the  consequences;  and  yet,  because  of  the 
necessity  of  constantly  supplying  the  lungs  with  air  to  sustain  life,  the  large 
volumes  of  impure  air  inhaled  will  more  surely  undermine  the  constitution  than 
the  occasional  partaking  of  food  or  drink,  which  to  their  sense  of  taste,  sight,  or 
smell,  may  appear  to  be  contaminated. 

Let  us  now  consider  what  other  conditions  are  requisite  for  the  comfort  of 
householders  for  whom  ventilation  is  demanded.  Buildings  are  erected  principally 
as  a  protection  from  the  ever- varying  conditions  of  the  atmosphere;  this  implies 
that  comfortable  ventilation  is  not  at  all  times  to  be  secured  in  the  o|>eii,  even 
presuming  that  the  air  is  pure.  If  in  the  open  we  cannot  secure  comfort,  and 
consequently  build  houses  because  at  times  movement  of  the  atmosphere  is  too 
rapid,  at  other  times  too  stagnant,  now  too  hot  and  anon  too  cold,  sometimes 
too  dry  and  often  too  wet,  it  is  evident  that  by  enclosing  a  portion  of  the  air 
within  walls  and  roofs  a  risk  is  run  of  causing  stagnation;  free  circulation  at  all 
events  is  impeded,  and  most  of  the  influences,  which  outside  are  at  work  upon 
its  purification  and  maintenance  in  an  uniform  state  as  regards  composition,  are 
shut  out ;  hence  the  necessity  for  special  means  being  provided  whereby  the  air 
within  buildings  may  be  constantly  changing,  and  maintained  in  a  condition 
suited  to  the  comfort  and  capable  of  sustaining  the  health  of  the  inmates. 
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CHAPTER  II. 
NATURAL  FORCES  MAKING  FOR  VENTILATION. 

To  change  the  air  of  a  building:  two  things  are  primarily  essential:  (1)  an 
air-inlet,  and  (2)  an  air-outlet. 

This  may  appear  so  obvious  a  requirement  that  no  more  need  be  said  theie- 
oo,  but  although  it  may  in  the  abstract  be  generally  known,  it  seems  to  be  only 
partially  recognized  and  Is  frequently  ignored  in  practice. 

In  opening  a  window  to  obtain  more  air,  as  it  is  termed,  in  an  apartment, 
in  it  always  recognized  how  that  which  was  previously  there  finds  exit?  Air 
entering  by  the  window  is  felt,  or  is  known  to  be  coming  in  by  the  movement 
of  object*  in  iu  vicinity,  but  inasmuch  as  the  room  was  not  previously  void  of 
air,  and  a*  other  air  could  not  enter  without  displacing  that  which  was  previously 
there.  «ome  means  of  escape  there  must  be.  If,  then,  by  opening  a  window 
appreciable  change  of  air  in  an  apartment  takes  place,  several  considerations 
arwe: — 

1.  A  contrivance.  i>.  the  window,  made  to  open,  had  lieen  provided,  partly 

at  least  (we  may  presume)  for  the  purpose  of  ventilation. 

2.  A  personal  act  was  performed,  viz.  the  opening  of  the  window. 

3.  There  mu*t  have  IMMJII  some  other  outlet  or  inlet  communicating  directly 

or  eventually  with  the  outer  air,  although  neither  may  be  well-defined 
nor  clearly  visible, 

4.  According  to  the  .size  and  position  of  the  openings,  both  for  inlet  and 

outlet,  a  given  change  of  air  in  the  apartment  would  take  place  under 
similar  conditions. 

5.  If  we  presume  that  the  apartment  was  previously  occupied,  there  must 

have  been  some  change  of  air  going  on  before  the  window  was  opened. 

6.  If  this  incoming  air  entered  directly  from  the  outside,  where  was  the 

inlet,  or  more  probably  inlets?  Were  they  in  proximity  to  anything 
by  which  the  air  might  be  contaminated,  such  as  drain-gullies  or 
accumulations  of  refuse,  the  household  midden  or  dust-hole,  or  rain- 
wmter-pipes  with  open  joints  and  improperly  connected  with  the  soil- 
drains? 

7.  If  the  air  had  previously  traversed  some  portion  of  the  building,  where 

did  it  first  enter,  what  direction  did  it  take,  and  what  may  it  li 
passed  on  the  way?     If  pure  on  entering  the  building,  could  it  have 
been  contaminated  on  its  way  to  the  apartment? 
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8.  Was  the  change  effected  by  a  force  acting  from  without,  or  by  a  force 

acting  from  within?     If  from  without,  was  it  u  t  ,<j  fom-.  which 

drove  the  air  in  and  so  displaced  that  which  preceded  it;  or  was  it  a 
auctioned  force,  which  extracted  that  from  within  and  gave  place  for 
other  air  to  enter?  If  from  within,  what  force  could  have  been 
brought  into  action  which  would  cause  either  a  forcing-out  or  a  suck- 
ing-in  of  air? 

9.  Having  presumed  that  the  opening  of  the  window  was  necessitated  for  the 

greater  comfort  of  the  occupants  of  the  room,  it  follows  that,  previous 
thereto,  change  of  air  was  insufficient,  or  that  the  source  from  whence 
it  was  drawn  was  not  a  pure  one. 

10.  Did  the  opening  of  the  window  lessen  or  completely  stop  the  entrance 

of  air  from  other  sources?  Was  the  air  entering  at  the  open  window 
uncontaminated ?  \Vhut  was  its  temi>ernture  and  rate  of  movement? 

11.  Could  the  occupants  continue  in  the  room  with  comfort  while  the  win- 

dow was  open,  or  would  other  discomforts,  such  as  draughts  or  exces- 
sive cold,  compel  them  to  shut  it  again? 

12.  If  after  an  interval  the  window  was  again  closed,  and  the  occupants 

experienced  greater  comfort  for  a  time  than  they  did  before  it  was 
opened,  what  deductions  must  l>e  drawn  ? 

13.  Might  not  the  regulation  of  the  window-opening  from  the  first  have 

secured  comfort  to  the  occupants?  If  not,  could  other  openings  in 
any  other  part  of  the  room  have  provided  the  requisite  change  of  air, 
without  discomfort,  at  the  jmrticular  time  and  under  similar  circum- 
stances? 

14.  If  so,  would  a  change  of  conditions,  or  a  different  state  of  the  outer  atmo- 

sphere, necessitate  further  regulation,  or  the  closing  of  such  openings? 

15.  In  order  to  secure  comfort  for  the  occupants,  was  there  a  fire  burning,  or 

some  other  means  of  raising  the  temperature  of  the  room  ? 

16.  What  was  the  cubical  capacity  of  the  room? 

17.  What  were  the  number  of  the  occupants,  and  their  occupation? 
Although  the  foregoing  list  by  no  means  exhausts  the  questions  which  may 

arise  even  under  such  ordinary  circumstances  as  have  been  supposed,  it  is  suffi- 
cient to  indicate  the  following  general  principles:— 

1.  That,  after  ascertaining  the  possibility  of  procuring  reasonably  pure  air 
from  the  outside,  constant  care  will  have  to  be  exercised  in  order  that  it  may 
not  be  contaminated  either  just  before  or  while  entering  the  building,  or  after 
having  entered. 
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2.  That  openings  must  be  provided  for  its  entrance  and  for  its  exit,  with 
maum  for  regulating  either  one  or  both. 

3.  That  the  regulation  of  such  openings  requires  frequent  and  intelligent 

attention. 

4.  That  when  change  of  air  is  brought  about  within  a  room  it  is  by  means 
of  force*  which,  if  natural,  are  constantly  varying,  and  therefore  when  such 
natural  forces  are  employed,  the  rate  at  which  change  of  air  takes  place  must 
necenarily  van-. 

A  mechanical  power  may  be  employed,  which  would  be  more  regular  in  action 
than  the  natural  power  of  wind,  or  than  the  force  exercised  by  the  air  within 
ami  that  without  l*'ing  of  varying  density,  caused  by  difference  of  temperature, 
but  up  to  the  present  time  only  a  few  ordinary  dwellings  have  been  ventilated 
by  mechanical  means,  ami  there  can  be  little  doubt  that  only  in  exceptional 
ca.se*  can  mechanical  means  IM»  employed  for  economically  ventilating  isolated 
hou«e*  of  moderate  dimensions.  For  public  halls,  churches,  libraries,  hospitals, 
schools,  factories,  and  other  buildings  erected  for  public  purposes,  particularly 
th«»e  in  which  many  jx?ople  congregate,  ventilation  by  mechanical  means  alone 
can  1*»  drjiciidfd  UJMW  to  give  constant  and  satisfactory  results.  Its  use  may 
aUi  with  advantage  in  time  IK»  extended  to  dwellings  built  compactly  together 
or  in  Hats.  The  principles  of  mechanical  ventilation,  however,  require  the 
utmost  knowledge  and  care,  and  their  application  should  only  be  attempted  by 
those  who  have  made  a  thorough  study  of  the  subject. 

A»  the  employment  of  mechanical  means  for  ventilating  single  dwellings 
i*,  and  is  likely  to  lie,  of  rare  occurrence  in  this  country  at  least  for  many  yean 
to  come,  it  w  not  projxxsed  to  enter  further  into  uhe  subject  at  present,  and, 
therefore,  the  forces  which  Nature  supplies  will  now  be  considered.  It  cannot  be 
too  strongly  insisted  that  change  of  air  within  a  building  is  invariably  brought 
about  by  the  exercise  of  a  power  capable  of  being  ascertained.  This  power  can 
be  traced  liack  to  the  effects  of  heat,  either  of  the  sun  or  arising  from  the  com- 
bustion of  fuel,  and  that  the  effects  of  heat  are  made  operative  by  the  force  of 
yrnntntion,  which,  apart  from  the  employment  of  mechanical  means,  may 
justly  lie  regarded  as  the  active  agent  by  which  change  of  air  is  brought  about 
naturally  to  assist  ventilation.  Knowledge  of  this  fact  simplifies  the  whole 
subject,  and  explains  much  that  otherwise  may  appear  complex.  There  are 
certain  other  natural  properties  of  substances  which  exercise  influence  upon  the 
atmosphere,  and  to  some  extent  regulate  air-movements,  but  they  are  compara- 
tively insignificant  compared  with  the  force  of  gravitation. 

A  property  of  the  atmosphere,  which  is,  however,  common  to  most  gases, 


EFFECT  OF  TEMPERATURE  ON   AIK-CUKKENTH.  177 

is  that  heat-rays  pass  through  it  without  materially  raising  its  temperatm. . 
aud  yet  when  air  comes  in  contact  with  either  solids  or  liquids,  tin-  triujH-nttuiv 
of  which  differs  from  that  of  the  air,  the  latter  will  either  absorb  or  give  up 
heat;  this  property  exercises  a  powerful  influence  in  creating  movements  in  tin? 
atmosphere,  and  consequently  upon  the  ventilation  of  our  houses. 

When  its  temperature  is  raised,  air  expands,  and  becomes,  bulk  for  bulk, 
lighter  than  air  at  a  lower  temperature,  the  result  being  that  colt  I  air  fulls  by 
the  power  of  gravitation,  and  in  doing  so  causes  the  lighter  air  to  ascend  As 
this  process  is  going  on  at  all  times  to  a  greater  or  less  degree,  throughout  the 
whole  surface  of  our  globe,  movements  of  air,  constantly  varying  in  force,  are 
set  up.  Iii  some  districts  this  movement,  brought  about  by  the  great  heat  of 
the  sun,  is  so  rapid  as  to  cause  violent  storms,  but  generally  the  action  is  more 
regular,  resulting  in  what  are  known  as  trade-winds;  yet,  as  day  succeeds  night, 
and  many  local  conditions  induce  variations  in  the  earth's  temperature  in  different 
places  at  the  same  time,  even  these  comparatively  regular  trade-winds  are  vari- 
ously affected,  resulting  in  what  are  popularly  known  as  changes  in  the  weather. 

To  a  very  large  extent,  it  is  upon  these  most  variable  movements  of  the  outer 
atmosphere  that  we  must  depend  for  securing  ventilation  within  our  homes.  The 
forces  they  exercise  may  be  employed  either  for  propulsion  or  for  extraction,  or 
for  both  at  one  time.  In  warm  weather,  when  it  is  possible  to  throw  oj>en  doors 
and  windows  freely,  the  propelling  force  of  wind  is  almost  exclusively  relied  on 
to  obtain  change  of  air  within  a  building,  but  when  doors  and  windows  are  kept 
closed,  the  suctional  influence  of  the  wind,  passing  over  the  open  chimney-pots 
and  air-openings,  has  a  considerable  influence  upon  change  of  air  within. 

In  addition  to  these  forces  from  without,  when  houses  are  warmed  cither  by 
open  fires  or  any  other  means,  additional  forces  are  developed  within,  which  may 
either  assist  those  outside  in  causing  change  of  air  within,  or  may  IK?  antagonistic 
thereto.  Smoky  chimneys  are  evidence  of  this  antagonism.  The  forces  set  up 
by  the  employment  of  heat  within  a  building  are  caused  by  the  interior  atmo- 
sphere taking  a  higher  temperature  than  that  without,  whereby  it  expands,  and, 
being  lighter  than  an  equal  volume  of  the  air  outside,  is  forced  upwards  by  the 
colder  and  denser  air  descending. 

Just  as  the  effects  of  variation  in  temperature  outside  produce  movements  of 
air,  which  may  be  simply  local  or  of  vast  extent,  in  the  same  way  but  in  a  lesser 
degree  will  varying1  temperatures  within  a  house  or  even  an  apartment  cause 
local  or  general  movements  in  the  atmosphere  within.  Such  local  movements 
must  not  be  confounded  with  actual  change  of  air,  because  local  movement  or 
circulation  within  a  building  is  not  sufficient  to  bring  al>out  that  change  of  air 
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which  exercises  the  purifying  effect  required  for  the  purposes  of  good  ventila- 
tion. 

The  British  home  is  the  stronghold  of  the  open  fireplace,  and  this,  on  account 
of  its  cheeriness  and  its  assistance  in  ventilating  the  house,  is  likely  for  long  to 
find  an  honoured  place.  A  valuable  amount  of  ventilation  is  secured,  not  alone 
by  the  presence  of  the  fire,  but  to  a  large  extent  because  of  the  necessity  for  a 
smoke-flue  or  opening  to  the  outer  air  of  adequate  size.  Many  people  overlook 
thi»  fact,  and  when  no  fire  is  placed  in  the  grate,  most  unreasonably  close  down 
the  register,  stuff  something  up  the  flue,  or  place  a  screen  over  the  grate-open- 
ing, and  in  so  doing  prevent  that  free  change  of  air  in  the  apartment,  which 
almost  invariably  goes  on  so  long  as  the  flue  remains  open.  Such  practices 
mnnot  I*  too  rigorously  condemned,  for  whether  there  be  a  fire  in  the  grate  or 
not.  the  flue  from  even*  room  should  be  regarded  as  a  most  important  outlet  for 
air,  the  exit  of  which  will  alone  jiermit  other  air  to  enter. 

Because  of  the  more  general  tendency  of  up-draugrht  In  flues,  there  is  a  belief 
that  they  exercise  a  suctional  influence,  but  the  fact  is  that,  wherever  such  suc- 
tional  effort  is  noticeable,  there  is  an  actual  force  to  cause  it,  the  flues  being 
simply  channels  by  which  the  resulting  movement  of  air  is  made  apparent 

In  like  manner  it  has  l>een  thought  that  with  flues  of  varying  height, 
connected  at  the  Iwtse,  the  longer  one  will  exercise  a  syphonic  influence.  When 
a  downward  current  is  observed  in  the  shorter  flue,  careful  examination  will 
•lemonstrate  that  it  in  the  result  of  some  disturbing  cause  in  the  atmosphere 
ittflf,  or  of  some  force  applied,  without  which  the  flues  would  of  themselves  be 
quite  incapable  of  influencing  the  movement.  It  would  be  as  reasonable  to 
expect  water  to  circulate  within  a  syphon  plunged  into  a  vessel  of  water.  The 
material  form  of  the  syphon  or  of  the  flues  cannot,  of  itself,  exert  any  influence 
which  would  cause  a  movement  therein.  Nevertheless  it  is  a  fact  in  practice, 
that  what  apj>ear8  to  lie  a  syphonic  action  does  frequently  take  place  where  there 
are  flues  of  varying  lengths  in  air-connection  at  the  base,  but  it  is  the  result 
either  of  variation  in  temperature,  or  the  suctional  or  propelling  force  of  wiml. 
or  of  mechanical  power,  and  it  would  be  quite  easy  to  apply  any  one  of  such 
powers  to  cause  the  air  to  ascend  the  shorter  flue  and  descend  the  longer  one, 
although  under  ordinary  circumstances  the  reverse  will  take  place. 

Ordinary  dwellings  in  this  country  are  more  frequently  warmer  than  the 
outer  atmosphere,  and  open  fires  are  commonly  employed  during  the  colder 
months  of  the  year;  consequently,  unless  each  room  receives  a  separate  and 
adequate  supply  of  air  direct  from  the  exterior,  there  is  risk  of  down-draught  in 
float,  particularly  if  others  are  more  lofty.  It  is  therefore  advisable  to 
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make  as  little  variation  as  practicable  in  the  height  of  the  flue*  in  a  single 
dwelling,  although,  even  if  all  the  flues  are  carried  to  the  same  height,  they  will 
draw  on  one  another  if  there  is  variation  of  temperature  in  the  several  flues  and 
air-communication  at  the  base,  without  separate  air-supply  to  each  apartment 
Frequently  this  is  the  cause  of  annoyance  resulting  from  "smoky  chimneys", 
i.e.  of  flues  with  a  down- draught 
tendency,  which  probably  could  be 
cured  by  admitting  a  supply  of  air 
from  the  exterior  to  each  room  sepa- 
rately. 

The  section  of  a  house,  shown  in 
fig.  561,  will  illustrate  this.  A  fire 
lighted  in  either  of  the  rooms  would 
have  a  tendency  to  draw  air  by  way 
of  the  staircase  down  one  of  the  other 
flues,  provided  that  the  windows, 
doors,  and  other  openings  to  the  ex- 
terior are  closed.  This  other  flue 
may  even  suck  down  smoke  emitted 
from  the  flue  at  the  base  of  which 
there  is  a  fire.  On  attempting  to 
light  a  fire  in  the  other  room,  it  will 
be  found  that  smoke  will  not  freely 


ascend  the  flue.  Close  the  doors  of 
both  rooms  and  partly  open  the  win- 
dows, and  if  smokiness  within  the 
house  resulted  simply  from  the  suc- 
tion of  one  flue  upon  the  other,  the  fires  will  both  burn  briskly  and  without 
smokiness. 

A  central  hall  provided  with  an  extract-ventilator  at  the  top,  as  in  fig.  562, 
will,  either  from  the  air  thereof  becoming  warmer  than  in  some  of  the  rooms 
around,  or  by  wind  acting  upon  the  outlet,  have  a  tendency  to  draw  air  from 
the  rooms,  so  that,  unless  there  are  other  inlets,  air  will  be  sucked  down  the 
flues  and  result  in  a  sooty  smell  about  the  premises. 

These  two  examples  alike  indicate  the  necessity  for  air-inlets,  relatively 
proportioned  to  the  outlets,  to  each  separate  compartment  throughout  the 
building. 

As  change  of  air  is  essential  to  ventilation,  there  must  be  movement  of  air. 
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When  this  movement  is  too  rapid,  or  is  ill-directed,  uncomfortable  draughts  are 
the  result  Even  warm  air  moving  quickly  will  cause  discomfort,  and  may 
be  more  pernicious  than  colder  currents,  I>ecau8e,  unless  such  warm  air  is  in 
a  proper  hygrometric  condition,  it  will  cause  excessive  evaporation  from  the 
body,  and  by  evaporation  a  lowering  of  temperature  takes  place.  To  obvi.u. 
draught*  and  yet  give  the  necessary  change  of  air,  substituting  that  which  is 
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fresh  and  wholesome  for  that  which   has  Ixjcome  vitiated,  is  essentially  good 
ventilation. 

The  sizes,  nature,  and  positions  of  inlets  and  outlets  must  be  carefully  con- 
sidered in  all  schemes  for  ventilation.  Supposing  that  a  force  be  employed  for 
propelling  air  into  an  apartment  which  measures  20  feet  by  15  feet  by  10  feet 
high  (equal  to  a  cubic  capacity  of  3000  feet),  so  as  to  change  the  air  six  times  in 
an  hour,  a  volume  of  air  equal  to  18,000  cubic  feet  per  hour  would  be  required: 
thw  might  be  introduced  through  an  aperture  one  foot  square,  if  travelling  at  the 
rate  of  300  feet  per  minute  »  5  feet  per  second.  The  principal  outlet  is  supposed 
to  lie  the  fireplace  flue.  The  question  will  arise,  where  should  the  inlet  be 
situated?  If  placed  on  the  opposite  side  of  the  room,  as  in  fig.  563,  the  incoming 
air  will  take  the  most  direct  course  to  the  outlet,  and  between  the  two  there 
will  lie  considerable  draught,  and  far  more  rapid  change  than  in  other  parts  of 
the  room.  If.  however,  the  opening  be  trumpet-mouthed  inwards,  there  will  he 
letter  diffusion ;  but  this  will  be  still  more  improved  if  such  an  inlet  is  placed 
on  the  same  side  of  the  room  a*  the  outlet,  as  in  fig.  564,  and  the  risk  of  setting 
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up  unpleasant  draughts  will  be  reduced  to  a  minimum,  unless  the  incoming  air 
in  at  a  very  low  temperature. 

Special  air-inlets,  other  than  windows  and  doors,  should  be  situate  «t  aUiut 
two- thirds  the  height  of  the  room,  and  shaped  so  as  to  give  the  incoming  air  a 


Section. 
Pig.  «B.  -PUn  and  Section  showing  Air-current  In  Room,  with  Square  Inlet  opposite  the  Outlet 

slight  upward  tendency;  then,  if  they  are  placed  on  the  same  side  of  the  room 
as  the  outlet — viz.,  the  fireplace,  which  is  near  to  the  floor-level— the  incoming 
air  will  distribute  itself  about  the  upper  portion  of  the  room.  With  a  fire  in  the 
grate  the  surfaces  of  walls,  ceiling,  furniture  &c.,  will  IMJ  warmer  than  the 
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Fig.  664.— Plan  and  Section  knowing  Air -current  In  Room,  with  Trumpet  raoalhrd  Inlet  on  the  Mine  tide  M  the  OatleC 

incoming  air,  and  this,  by  contact  with  such  surfaces,  and  by  mixing  with  some 
of  the  warmer  air  of  the  apartment,  will  acquire  a  higher  temperature  than  when 
it  entered;  it  will  have  to  travel  a  considerable  distance  within  the  room,  whereby 
its  velocity  will  be  reduced,  and  if  the  inflow  is  continuous,  and  there  are  no 
other  disturbing  influences,  it  will  advance  at  a  low  rate  of  speed  towards  the 
outlet,  through  the  lower  portion  of  the  room  where  occupants  are  most  likely 
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to  be,  and,  as  regards  its  temperature,  in  a  condition  which  will  tend  to  their 
comfort.  As  it  approaches  the  fire,  the  suctioual  influence  exerted  by  the 
rarefaction  of  the  air  passing  up  the  flue  will  gradually  increase  its  velocity 
until  it  reaches  the  mouth  of  the  flue,  up  which  it  will  rush  to  the  open. 

It  unfortunately  happens  that  many  eminent  writers  on  ventilation,  without 
carefully  distinguishing  between  the  kind  of  ventilation  required,  advocate  the 
placing  of  air-inlets  and  outlets  on  opposite  sides  of  rooms.  It  is  true  that 
to  get  good  through  ventilation,  openings,  such  as  windows  and  doors,  should 
bt  situate  on  opposite  sides  of  the  same  apartment,  but  for  comfortable  venti- 
lation, particularly  in  cold  weather,  with  a  fireplace  flue  for  the  outlet,  the  inlet 
should  be  on  the  same  side  of  the  room.  This  also  holds  good  whenever 
mechanical  means  are  provided  for  securing  ventilation,  whether  by  extraction 
or  yry/J'i/xiou. 

1C  however,  neither  open  fires  nor  mechanical  means  are  employed,  and 
movements  of  the  outer  atmosphere  are  depended  upon  to  secure  change  of 
air  within  a  room,  and  the  inlet  and  outlet  openings  are  in  outer  walls,  then 
undoubtedly  they  should  be  on  opposite  sides  if  practicable;  if  not,  then  on 
adjoining  side*,  because  it  would  be  difficult  to  form  both  inlet  and  outlet 
through  a  single  wall  in  such  a  manner  as  to  induce  a  constant  current- in  one 
direction.  The  pressure  of  wind  would  generally  be  practically  equal  on  the 
two  openings  at  the  same  time,  or  at  times  it  might  vary,  first  acting  on  one, 
then  on  the  other,  so  that  at  best  an  intermittent  flow  of  air  would  be  induced. 

Experiment  has  demonstrated  that  air  at  normal  temperature,  moving  with 
a  velocity  exceeding  5  feet  per  second,  is  generally  felt  as  a  draught,  at  4  feet 
most  people  would  consider  it  uncomfortable,  at  3  feet  some  would  complain,  !»ut 
at  2  feet  few  would  notice  it,  and  with  a  velocity  of  1  foot  per  second  it  would 
not  be  perceptible  to  anyone. 

If  air  enters  the  room  shown  in  fig.  564  at  the  rate  of  300  feet  per  minute— 
i.e.  5  feet  per  second, — its  velocity  may  be  reduced  as  it  enters  the  apartment, 
by  belling  out  the  inlet-opening;  the  air  will  then  quickly  be  diffused  in  the 
upper  portion  of  the  room,  and,  if  there  be  only  one  exit-opening,  no  larger  than 
the  inlet,  the  velocity  of  the  air  in  approaching  it  will  increase  to  its  original 
rate,  but  by  enlarging  the  embouchure  to  (say)  4  square  feet,  the  rate  of  air-travel 
will  at  that  point  not  exceed  ^  =  75  feet  per  minute,  or  lj  feet  per  second,  and 
will  be  considerably  less  throughout  the  habitable  parts  of  the  room. 

This  is  presuming  an  air-tight  apartment,  but  as  in  practice  such  is  scarcely 
attainable,  it  is  usual,  when  propulsion  is  employed  for  securing  ventilation,  to 
provide  an  outlet  somewhat  smaller  than  the  inlet  to  allow  for  leakages,  which, 
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if  small  and  well  distributed,  may  tend  to  a  more  thorough  distribution  of  the 
incoming  air,  and  reduce  the  velocity  at  the  main  outlet. 

I-  onstanl  h  ke<  ping  m  •  Dd  fcfctM  BHfk  :  •  '  M  :••:.••  R  ...•  ••  \  BBtioin 
and  forms  of  inlets  and  outlets,  discomfort  from  draughts  may  tie,  to  a  great 
extent,  avoided,  although,  without  mechanical  power,  it  may  not  I*:  jmx-iMe  to 
regulate  the  changes  of  air  with  absolute  uniformity.  The  gnat  aim  of  ventila- 
tion is,  however,  not  to  secure  mathematical  accuracy  in  the  quantity  of  air 
supplied,  but  to  obtain  an  adequate  (even  though  variable)  change  of  air  with- 
out inducing  objectionable  draughts  in  the  apartments  ventilated.  Whether 
this  be  done  by  mechanical  or  natural  means,  or  by  a  propulsive  or  suctional 
force,  matters  little  so  long  as  the  current  continues  in  one  direction;  and  it 
may  l>e  laid  down  as  a  general  rule,  applicable  in  almost  every  case,  tliat  the  air- 
inlet  and  the  air-outlet  should  be  on  the  same  side  of  the  room,  and  that  lx>th 
should  be  belled  out  towards  the  room,  the  air-inlet  l>eing  best  placed  at  al*mt 
two-thirds  of  the  height  of  the  room,  and  arranged  so  as  to  give  the  air  a  slight 
upward  tendency,  while  the  outlet  should  IK?  at  or  near  the  level  of  the  floor. 

The  problems  of  warming  and  ventilation  are  so  interdependent,  that  the 
one  subject  cannot  be  fully  considered  without  reference  to  the  other;  thus, 
ventilation  is  simplified  when  some  form  of  warming  apparatus  is  adopted  in 
addition  to  open  fires.  It  then  Incomes  possible,  by  means  of  suitable  radiators, 
to  warm  the  air  entering  the  room  and  thus  to  prevent  cold  draughts,  which  are 
often  dangerous  to  health.  More  will  l>e  said  of  this  in  a  subsequent  chapter. 

The  following*  simple  experiments  will  illustrate  some  of  the  principles  laid 
down  in  this  chapter. 

1.  To  show  that  change  of  air  is  principally  brought  about  by  variations  in 
temperature,  take  a  large  glass  vessel,  fill  it  with  pure  air,  and  insert  a  few  light 
particles,  such  as  down;  close  it  so  that  the  air  within  cannot  be  changed,  and 
by  alternately  warming  different  parts  of  the  vessel,  the  air  within  may  be  made 
to  circulate,  the  circulation  being  made  apparent  by  the  movements  of  the 
particles  of  down. 

2.  If  a  living  animal  or  lighted  taper  be  inserted,  and  the  vessel  again  closed, 
it  is  only  a  question  of  time  when  the  one  will  die  and  the  other  l>e  extinguished, 
by  exhaustion  or  contamination  of  the  air  within  ;  a  similar  result  may  also  take 
place  even  in  a  vessel  with  a  single  opening  at  the  top,  although  a  longer  time 
will  be  required;  but  with  an  opening  also  in  the  bottom  of  the  vessel,  the  taper 
would  freely  burn  and  the  animal  could  live,  thereby  proving  that  actual  change 
of  air  takes  place,  resulting  principally,  if  not  entirely,  from  the  heat  evolved 
either  from  the  lighted  taper  or  from  the  living  animal  within. 
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3.  A  similar  glass  vessel  may  also  be  employed  to  illustrate  the  varying  effect 
of  heat  ami  cold  upon  the  hygrostatic  condition  of  air.    Let  warm  air  U  admitted 
after  it  has  had  free  access  to  moisture,  then  if  the  vessel  be  closed  and  placed 
in  a  colder  position,  it  will  become  bedewed  inside,  or  if  only  a  portion  of  tin- 
vessel  be  Considerably  cooled  down,  dew  will  be  formed  within  upon  that  colder 

part. 

4.  Further  effects  of  condensation  will  be  seen  if  the  air  within  the  velssel 
be  contaminated  with  volatile  organic  matter  while  it  is  warm — say  that  a  taper 
has  been  allowed  to  burn  therein  for  a  short  time; — then  if  the  vessel  be  closed 
and  cooled  down,  a  film  will  be  deposited  within  consisting  of  the  products  of 
combustion  and  volatilization  of  substances  composing  the  toper. 

5.  It  is  also  useful  to  note  that,  if  in  either  of  cases  3  and  4  the  vessel  be  again 
heated,  the  moisture  or  the  film  of  animal  matter  will  once  more  be  volatilized 
and  l«come  invisible. 


CHAPTER    III. 

THE  PLANNING  AND  CONSTRUCTION  OF  HOUSES  WITH   REGARD 
TO  THEIR  VENTILATION. 

The  aspect  and  situation  of  a  house  may  have  a  decided  effect  for  better  or 
worse  ujx>n  its  ventilation.  If  overshadowed  by  more  lofty  buildings,  elevated 
ground  or  trees,  free  circulation  of  air  around  may  l>e  impeded,  or  the  revivifying 
rays  of  the  sun  may  l>e  shut  out.  The  jxxsition  of  a  house  with  regard  to  others 
even  of  a  similar  class  may  likewise  affect  ventilation. 

Wherever  it  is  practicable,  windows  should  be  provided  on  more  than  one  side 
of  a  room,  it  being  better  for  the  cheerfulness  of  the  apartment,  as  well  as  for 
the  purpose  of  ventilation,  to  distribute  them  than  to  have  all  the  window->par»- 
massed  together.  The  literal  meaning  of  the  word  window  is  "  an  opening  for 
the  wind",  and  although  windows  are  now  more  generally  regarded  as  means  for 
admitting  light  to  the  interior  of  buildings,  they  ought  nevertheless  to  l«i  « -<»ii 
strutted  so  as  to  be  capable  of  being  easily  opened,  and  should  still  be  considered 
the  principal  means  for  securing  change  of  air  in  an  apartment.  When  there  are 
more  than  one,  on  different  sides,  it  is  possible  to  utilize  outer  movement  of  tin- 
air  to  cause  change  within,  quite  independently  of  other  openings,  and  although. 
when  the  room  is  occupied,  it  may  not  at  all  times  be  comfortable  to  permit  of 
such  rapid  movement  of  air  within  as  may  frequently  be  induced  by  the  opening 
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of  windows,  there  are  times  during  which  rooms  are  unoccupied,  uhm  it  may  be 
allowed  with  great  advantage.  Hence  the  advisability  of  carefully  considering, 
during  the  planning  of  a  house,  the  relative  positions  of  windows  and  doors 
with  a  view  to  securing  a  thorough  change  of  air  throughout  tin-  building  or  in 
individual  rooms  at  convenient  times. 

Bay-windows  are  jmrticularly  adapted  to  securing  comfortable  ventilation  in 
hot  weather,  because,  by  a  considerate  adjustment  of  curtains  and  blinds,  it  is 
generally  possible  to  have  the  window  open  on  one  side  at  least  of  the  bay,  and 
yet  to  shut  out  the  glare  and  heat  on  the  other  sides. 

Detached  houses  should  l>e  situated  in  reference  to  their  surroundings,  to  M 
to  facilitate  free  circulation  of  air  around,  and  the  doors  and  windows  should  I*  so 
placed  that  advantage  may  be  taken  of  the  best  aspect  for  the  several  apartments, 
and  that,  when  desired,  windows  may  IHJ  opened  freely  to  catch  the  most  favour- 
able breezes.  Through  ventilation  ought  then  to  lie  secured,  for,  when  fresh 
air  surrounds  a  building,  it  i.s  possible,  with  a  little  care  in  the  opening  of 
windows,  to  obtain  a  movement  of  air  through  the  building  at  almost  any  time. 
If  the  wind  be  strong  outside,  a  moderate  opening  of  windows  will  suffice,  and, 
even  when  the  air  outside  is  sultry,  by  freely  opening  them  on  opjnisite  sides 
refreshing  movement  may  generally  IKS  secured  within,  brought  about  by  the 
varying  temperature  on  one  side  of  the  building  and  the  other. 

Houses  in  rows  or  terraces  are  not  so  readily  ventilated  at  all  times  as 
detached  houses,  because  air  has  not  free  access  all  round  them.  Much,  however, 
may  be  done  in  their  planning  so  as  to  secure  a  reasonable  amount  of  through 
ventilation,  because  the  difference  in  temperature  between  one  side  of  the  houses 
and  the  other  at  the  same  time  will,  at  most  hours  of  the  day,  cause  a  movement 
of  air  through  them  if  windows  be  judiciously  opened. 

Houses  in  courts  and  alleys  are  more  difficult  to  ventilate  properly;  conse- 
quently their  erection  should  not  l>e  permitted.  Fortunately  they  are  now 
prohibited  in  all  well-regulated  localities. 

Back-to-back  houses  are  even  more  objectionable,  and  should  be  condemned. 

Lofty  houses,  especially  if  built  close  together,  are  not  only  difficult  to 
ventilate,  but,  in  addition,  they  overshadow  so  much  ground -surface  or  other 
buildings  in  their  vicinity,  that  purity  of  air  around,  and  consequently  good 
ventilation  within,  cannot  readily  l>e  maintained.  In  other  words,  overcrowding 
of  a  given  surface  of  ground  must  be  avoided  if  efficient  ventilation  of  dwellings 
is  to  be  secured. 

If  buildings  are  erected  of  impervious  materials,  change  of  air  within  can  only 
be  adequately  effected  by  providing  definite  entrances  and  exits.  This  of  it.-«  If 
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might  be  an  advantage  if  these  entrances  and  exits  could  be  so  arranged  as  to 
the  incoming  air  to  disseminate  through  every  portion  of  the  building, 
•  |  m  oooldtfc  !  ":'  !l  '"'•''>>  i'---'"''  tl"'  'iii.-nitity  <>f  air  uhi.-l,  >li,,u|,l 
and  leave  the  building  as  well  as  determine  whence  it  came.  The  ditii 
culties,  however,  of  securing  suitable  appliances,  and  that  frequent  personal 
attention  which  would  \te  necessitated  by  the  ever-changing  conditions  of  the 
external  atmosphere,  lead  me  to  believe  that  such  buildings  are  not  likely  to  be 
the  be*t  ventilated.  Moreover,  there  arc  positive  disadvantages  in  the  use  of 
impervious  materials,  l>ecause,  as  a  rule,  such  materials  do  not  retain  heat;  they 
may  become  quickly  heated  and  as  quickly  cool ;  consequently  variations  in  the 
temperature  outside  soon  affect  the  condition  of  the  air  within.  There  are, 
however,  other  impervious  materials  which  do  not  readily  absorb  heat,  but 
reflect  it,  and  are  therefore  cold  to  the  touch.  In  either  of  these  cases,  there 
U  always  a  tendency,  when  the  outer  atmosphere  is  colder  than  that  within,  for 
moisture  and  volatile  substances,  as  well  as  organic  matter,  to  be  condensed 
u|»n  the  impervious  materials.  The  author  has  frequently  noticed  that  in 
rooms  the  walls  of  which  are  covered  with  varnished  paper,  and  where  the  floors 
are  impervious,  it  is  most  difficult  to  obtain  ventilation  without  draughts. 

Some  may  suppose  that  the  pores  of  pervious  walls  would  become  con- 
taminated by  the  passage  of  air  carrying  with  it  impurities.  This  might  occur 
in  localities  where  the  atmosphere  was  very  impure,  but  then  it  would  be  equally 
injurious  to  admit  the  air  by  a  window  or  other  opening.  Under  ordinary  con- 
ditions, impurities  in  the  air  would  be  deposited  near  the  surface,  and  would  be 
subject  to  the  generally  purifying  effects  of  the  outer  atmosphere. 

Houses  built  of  excessively  porous  materials,  on  the  other  hand,  may  be  much 
more  unhealthy,  because,  in  rainy  weather,  the  tendency  is  for  them  to  absorb 
much  wet,  which,  if  it  does  not  actually  penetrate  to  the  interior  and  do  definite 
damage  to  the  walls  and  decorations,  produces  a  chilling  effect  within,  princi- 
pally brought  about  by  evaporation,  which  always  results  in  a  lowering  of 
temperature  and  causes  condensation  within,  as  previously  described. 

My  opinion  is  that  both  extremes  are  wrongr,  and  that,  if  more  attention 
were  paid  to  the  selection  of  suitable  materials  for  the  walls  of  our  homes, 
there  would  \te  little  call  for  special  ventilating  appliances1,— other  than  windows 
ami  fireplace-flues, — particularly  in  localities  where  cleanliness  reigns  within  and 
without,  where  no  overcrowding  takes  place,  and  where  care  is  exercised  in 
opening  windows  freely  at  suitable  times.  On  the  other  hand,  it  is  unreasonable 
to  expect  that  efficient  ventilation  can  lie  secured  in  badly -constructed  dwellings, 

'  0»»  of  U»  dbrf  adTMUfa  of  "Mutilating  «ppli»oc«"  »  that  they  can  be  enUy  nguUtod.-   I 
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built  with  unsuitable  material*,  or  where  there  is  neither  cleanliness  within  nor 
without,  or  where  overcrowding  IB  permitted. 

The  construction  of  the  internal  partitions  both  horizontal  and  Tertlcal,  and 
the  condition  in  which  they  are  left  in  those  portions  generally  out  of  sight,  have 
much  to  do  with  movements  of  air  within,  which  do  not  necessarily  result  in 
efficient  ventilation.  In  fact,  it  may  as  a  rule  be  considered  that  such  move- 
ments of  air  from  one  apartment  to  another  are  objectionable,  and  are  often  most 
harmful,  if  there  is  air-contamination  within  any  i>art  of  the  building,  which  can 
be  communicated  to  other  parts. 

Let  us  now  make  an  imaginary  examination  of  a  house  of  ordinary  type, 
erected  (say)  a  few  years  ago,  before  sanitary  science  had  received  BO  much 
attention  as  of  late.  This  I  suggest  because  I  have  learnt  by  experience  the 
advantage  of  examining  closely  the  causes  of  defective  ventilation,  an  in- 
timate knowledge  of  which  will  enable  one  at  times  to  remedy  the  evil  with 
comparatively  slight  trouble  and  at  small  outlay. 

We  will  select  a  moderately  cold  day,  and  enter  an  apartment  in  which  a  fire 
is  burning  briskly.  Close  all  windows,  doors,  and  in  let- ventilators,  and  hold 
a  lighted  taper  to  the  key-hole  in  the  door,  to  the  cracks  around  door  and 
windows  and  under  the  skirting  board,  and  to  the  cracks  in  the  floor- boarding, 
and  probably  the  inlet  of  air  will  be  detected,  more  or  less,  at  each. 

Stop  all  noticeable  crevices  and  cracks,  and  a  further  search  will  detect 
others  by  which  air  can  enter,  and  even  if  they  can  be  closed,  it  will  still  be 
found  that  air  must  be  entering  to  replace  that  which  is  continually  ascending 
the  flue ;  although  probably,  if  the  closing  of  inlets  has  been  thorough,  the  fire 
will  not  be  burning  so  briskly,  nor  will  the  velocity  of  the  up-current  in  the  flue 
be  so  rapid,  but  some  change  of  air  must  still  be  taking  place  in  the  room. 

Many  people  hope  to  lessen  draughts  by  closing  all  cracks  and  crevices,  but 
by  doing  so  they  are  more  likely  to  create  others  more  cutting,  unless  suitable 
provision  be  made  for  the  admittance  of  an  ample  supply  of  air  in  a  suitable 
position,  so  that  it  may  at  once  be  equally  diffused  throughout  the  apartment 
This  can  readily  be  illustrated  in  a  room  with  a  fire  burning  and  all  inlets  from 
the  outer  air  closed.  Slightly  open  the  door,  and  prolmbly  anyone  near  the 
opening  will  experience  an  unpleasant  draught,  but  fully  open  the  door,  and 
unless  there  is  a  direct  blow  of  cold  air  from  the  outside,  no  perceptible  draught 
will  be  felt,  although  a  larger  volume  of  air  may  be  passing  through  the  room 
than  when  the  door  was  only  partially  open. 

Let  us  continue  our  examination  of  the  room,  supposing  it  to  be  on  the 
ground-floor,  with  no  basement  under.  Inspect  the  space  under  the  floor-boards. 
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U  it  clean  and  freely  supplied  with  fresh  air?  If  not,  that  drawn  into  the  room 
will  be  more  or  less  contaminated.  Air-circulation  there  must  be  under  wood 
floors,  or  dry-rot  will  set  in;  care,  however,  must  be  exercised  so  that  air- 
gratings  for  providing  ventilation  under  ground-floor  rooms  be  placed  so  as  to 
avoid  drawing  air  from  impure  sources,  and  householders  should  be  ever  on  the 
watch  to  prevent  the  accumulation  of  tilth  in  the  neighbourhood  of  their  houses, 
particularly  near  air-inlets.  The  continuous  ventilating  anti-damp  course1  ha> 
much  to  recommend  it  as  an  anti-damp  course,  and  as  a  means  for  providing  an 
air-current  under  all  floors,  but,  on  account  of  the  modern  requirement  that  all 
Piiha  discharge  visibly  into  gully-traps,  and  the  chance  of  accumulations  of 
tilth  being  permitted  around  some  portion  of  a  building,  I  am  of  opinion  the 
better  plan  is  to  make  the  anti-damp  course  solid,  and  to  select  positions  for 
the  air-grates  where  contamination  of  the  air  is  least  likely  to  take  place. 

In  examining-  a  room  on  an  upper  floor,  consider  first  the  construction  of 
such  floor.  Remove  some  of  the  floor-  boarding,  which  perhaps  is  not  tongued 
and  grooved,  so  that  each  joint  is  open,  and  if  not  very  wide,  may  in  part  have 
become  stopped  up  with  accumulated  filth.  The  space  between  the  floor  and 
ceiling  of  the  room  below  is  probably  open.  If  meals  have  been  partaken  of  in 
the  room,  crumbs  and  organic  particles  resulting  from  the  habitation  of  human 
beings,  animals,  Ac.,  may  be  detected  among  the  dirt  and  dust  which  will  have 
accumulated.  Washing  the  floor  will  moisten  these  particles,  which  will  then 
putrefy  and  throw  off  deleterious  gases,  to  be  drawn  into  the  apartment  through 
the  cracks  and  crevices  in  and  around  the  floor.  Moreover,  the  plaster  ceiling 
is  porous  and  often  cracked,  so  that,  when  the  joints  of  the  floor-boarding  are 
also  open,  there  is  actual  air-communication  between  the  two  rooms,  and  even 
if  direct  currents  from  one  to  the  other  are  not  set  up,  the  property  of  diffusion 
of  pases  will  certainly  come  into  play  and  cause  the  air  of  the  two  rooms  to 
mingle. 

The  lower  rooms  of  a  dwelling  are  generally  employed  as  sitting-rooms,  those 
above  as  bedrooms;  consider  what  may,  under  such  conditions,  take  place  during 
the  winter  months.  Several  people  may  occupy  the  ground-floor  rooms,  and  a 
conaiderable  quantity  of  gas  may  lie  employed  for  lighting  purposes.  Windows, 
doors,  and  ventilators  may  be  closed,  and  even  under  moderately  favourable 
conditions  of  ventilation,  it  will  be  found  that  the  air  of  the  top  portion  of  tin 
room  will  become  so  highly  vitiated  that  it  cannot  be  breathed  for  long  with 
comfort  The  tendency  of  this  foul  air  will  be  to  make  its  way  through  ceiling 
and  floor  to  the  rooms  above,  to  which,  after  a  time,  some  of  the  occupants  of 

1  Fig*  29  and  80,  ToL  i.  p.  86. 
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the  sitting-room  will  retire  to  sleep,  and  will  have  again  to  brent  In-  the  *aine 
air,  which  may  already  have  passed  through  their  lungs  and  in  otln-r  way-  have 
become  vitiated. 

Now  notice  where  the  joists  pass  through  the  inner  wall.-*  m  paititions,  as 
there  may  be  openings  through  to  the  adjoining  rooms;  trace  them  along,  and 
if  there  is  a  water-closet  on  the  same  floor,  you  may  find  a  clear  air- way  through 
to  it  between  the  joists.  If  there  is  any  accumulation  of  filth  near  the  closet* 
basin,  or  if  any  of  the  joints  in  connection  with  the  closet  and  branch  soil-pipe 
leak,  the  foul  air  may  be  drawn  along  the  floors  to  other  rooms,  especially  when 
fires  are  burning  in  them. 

The  space  usually  inclosed  under  the  roof,  and  not  utilized  for  dwelling 
purposes,  becomes  an  air-chamber,  generally  connected  in  a  more  or  less  direct 
manner  with  the  several  apartments.  Too  often  such  spaces  become  receptacles 
for  all  sorts  of  lumber,  and  are  frequently  allowed  to  liecome  extremely  dirty. 
In  such  cases,  air  drawn  into  the  rooms  therefrom  can  scarcely  escape  con- 
tamination. 

The  construction  of  the  roof  lias  a  marked  influence  upon  the  temperature 
within  a  building.  A  mere  covering  of  slates  affords  little  protection  except 
from  wet,  and  in  many  cases  not  even  from  that.  Then  it  is  that  the  walls  and 
ceilings  become  saturated  with  water,  and  cold  and  dampness,  decay,  and  con- 
sequent deterioration  of  the  air  of  the  dwelling  follow.  In  summer  slates 
become  heated  and  communicate  heat  to  the  air  l>elow,  and  in  winter  the 
reverse  takes  place,  by  which  the  ventilation  of  the  building  is  constantly 
being  affected  in  an  adverse  manner.  When  the  slates  are  laid  with  very  o|>en 
joints,  even  an  ordinary  wind  will  blow  through  and  cause  discomfort,  but  in 
stormy  weather  the  effect  may  be  to  rob  the  whole  building  of  the  greater 
portion  of  its  heat,  and  to  cause  draughts  which  are  positively  unl>earable. 

Well-made  plain  tiles,  which,  while  not  being  absolutely  porous,  should  not 
be  too  much  compressed  in  the  process  of  manufacture,  or  they  will  partake 
more  of  the  properties  of  slate,  afford  better  protection  against  changes  of  tem- 
perature without;  yet  having  regard  to  the  efficient  ventilation  of  a  dwelling, 
both  slates  and  tiles  should  be  laid  upon  a  non-conducting  material,  such  as 
boarding,  felt,  pugging,  or  the  like,  in  order  to  prevent  changes  of  temperature 
outside  having  any  rapidly-marked  effect  upon  the  air  within.  Care  must, 
however,  be  taken  to  secure  reasonable  change  of  air  within  the  roof-space, 
independently  of  the  apartments  of  the  house  intended  for  occupation.1 

'For  illustrations  of  houses  specially  built  for  the  purpOM  of  enjoying  thorough  ventilation,  tee 
XX.,  XXI.,  and  XXII. ;  some  account  of  these  booses  will  be  found  in  a  supplrmentaiy  Ml*  to  U» 
on  pp.  224-227.— la 
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CHAPTER   IV. 
AIR-CURRENTS  AND  AIR-INLETS. 

Before  deciding  upon  the  position  of  a  special  air-inlet,  particularly  to  an 
existing  room,  it  is  important  to  ascertain  the  direction  of  the  air-currents  in 
the  room  with  a  view  to  ascertaining  that  position  from  which  the  incoming  air 
will  be  most  equally  diffused  without  creating  draughts.  This  is  not  always 
easy  to  ascertain,  because  of  the  invisible  nature  of  the  atmosphere,  and  the 
very  slight  influence  it  exerts  when  its  movement  is  slow. 

One  method  adopted  to  assist  in  the  detection  of  air-currents  is  the  employ- 
ment of  volatile  essences,  the  odour  of  which  may  be  easily  recognized,  such  as 
oil  of  peppermeut.  Their  power  of  diffusion,  however,  is  so  rapid,  and  the 
course  of  air-conveyance  at  times  so  obscure,  that  it  is  difficult  to  ascertain  with 
certainty,  by  their  use,  the  course  of  air-currents.  Smoke  is  also  employed  for 
the  purpose,  but  the  heat  evolved  in  the  production  of  the  smoke  often  de- 
termines its  direction  upwards  when  otherwise  the  movements  of  the  air  have 
a  horizontal  tendency.  If  air-currents  are  moderately  strong,  a  lighted  taper  is 
useful  as  a  test  by  olwerving  the  deflection  of  the  flame. 

In  some  houses  it  will  l»e  observed  how  much  more  quickly  and  completely 
kitchen-smells  are  conveyed  throughout  the  building  than  in  others;  this 
generally  results  from  the  want  of  independent  ventilation 
to  the  several  ujwirtments,  although  in  some  instances  the 
evil  arises  from  the  general  arrangement  of  the  plan  and  the 
relative  |M>sitions  of  fireplaces  and  doors. 

The  provision  of  separate  air -inlets  for  every  room  is 
undoubtedly  a  great  step  towards  preventing  the  air  from 
one  room  (the  kitchen,  for  example)  being  drawn  into  any  of 
the  other  rooms.  The  principal  varieties  of  such  air-inlets 
will  now  l>e  described  and  illustrated. 

Tobin  tubes  (fig.  565)  have  been  largely  used    for  air- 
inlets,  but  as  usually  supplied  and  fixed  they  cause  so  much 
discomfort,  that  frequently  they  are  kept  closed  or  quickly 
removed.   One  disadvantage  they  have  which  has  not  received 
sufficient  attention :  viz.  the  external  gratings  are,  for  ground- 
floor  rooms,  often  placed  too  near  to  the  ground-level,  and  at  times  I  have  found 
them  situated  close  to  sources  of  impurity,  such  as  gully -gratings  and  accumula- 
tions of  refuse.     There  is  not  the  slightest  necessity  for  a  long  vertical  tube; 
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the  direct  upward  tendency  given  to  the  air  passing  through  such  a  tube  at  a 
high  velocity  causes  it  to  rebound  from  the  ceiling  and  come  down  like  a  cold 
shower  upon  the  occupants  of  the  room.  Wall-papers  and  ceilings  also  become 
disfigured  by  dirt  brought  in  with  the  air.  The  length  of  tube  is  al.so  liable  to 
become  fouled. 

Fig.  566  shows  a  short  form  of  Tobin  tube,  with  a  valve  A,  perforated 
baffle-plate  B,  and  a  projecting  piece  c  to  prevent  discoloration  of  the  wall 
above.  Canvas  bags  are  also  provided  for  inserting  in 
these  tubes,  but  unless  they  are  regularly  cleaned, 
they  become  very  dirty,  and  prevent  the  entrance  of 
air. 

Simple  openings  through  the  outer  walls,  ex  {Minded 
inwards  and  provided  with  a  flap  or  louvre-regulation, 
suitably  placed  on  the  same  side  of  the  room  an  the 
fireplace,  are  by  far  the  best  air-inlets  which  can  lie 
supplied  to  supplement  window-openings,  because  they 
are  simple  and  easily  kept  clean.  So  long  as  it  is  com- 
patible with  comfort  to  admit  external  air  direct  to 
the  room,  without  first  raising  its  temperature,  the  air 
may  be  admitted  by  such  openings,  and  be  equally 
distributed  throughout  the  apartment  in  sufficient 
quantity. 

As  a  rule  inlet-openings  are  far  too  small,  and  consequently  when  the  extract 
power  in  the  outlet-flue  is  considerable,  air  enters  with  too  great  velocity  and 
causes  draughts,  or  air  is  drawn  from  other  sources.  The  sectional  area  of  an 
ordinary  chimney-pot  is  about  half  a  superficial  foot,  and  the  velocity  therein 
will,  with  a  fire  burning,  often  be  at  the  rate  of  600  feet  per  minute,  which  is 
equal  to  a  withdrawal  of  300  cubic  feet  of  air  from  the  room  in  that  space  of 
time.  In  order  that  all  the  air  required  should  be  admitted  by  the  specially- 
provided  air-inlets,  and  that  on  entering  the  room  the  velocity  may  not  exceed 
5  feet  per  second,  an  absolutely  clear  opening  of  144  square  inches  should  be 
provided  for  a  hole  straight  through  the  wall,  but  with  a  grated  hole  increasing 
in  size  from  the  outer  to  the  inner  face,  the  outer  opening  might  be  15  inches 
by  12  inches,  filled  with  an  iron  or  terra-cotta  grating,  with  perforated  zinc  of 
£-inch  mesh  on  the  inside,  together  with  a  regulating  flap.  The  opening  on  tin- 
inner  face  of  the  wall  might  be  24  inches  by  18  inches,  and  would  be  best  krpt 
clear,  but  might  be  inclosed  by  a  wire-guard  fixed  with  buttons,  so  as  to  be  ea>ily 
removed.  Such  openings  would  be  little  noticed  if'  coloured  to  the  same  tone 
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as  the  walls  of  the  apartment,  and  they  can  easily  be  kept  clean.  If  placed  just 
below  a  picture-rail,  or  provided  with  a  slight  ledge  above,  as  shown  in  fig.  567, 
marking  of  the  walls  by  the  incoming  air  will  be  practically  avoided.  For 
ordinarily  calm  weather,  the  inner  Hap  should  be  entirely  open,  but  when  strong 
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wind*  are  Mowing  against  the  outer  face  of  the  opening,  it  may  be  necessary  to 
jMirtiallv  or  even  wholly  close  it,  for  it  is  difficult  to  devise  a  covering  for  the 
exterior  which  would  batHe  every  wind  that  blows. 

The  market  is  so  full  of  all  kinds  of  appliances  called  "Ventilators",  that 
difficulty  in  selection  is  experienced  by  those  who  have  not  n  clear  conception 
of  what  is  required,  or  of  what  is  possible  of  accomplishment  thereby.  The 
evil  is,  that  so  many  jK'ople  have  a  vague  idea,  fostered  by  the  claims  of 
rival  manufacturers,  that,  when  ventilators  are  once  fixed,  constant  and  com- 
fortable ventilation  can  U-  secured  without  further  personal  attention.  If  it  be 
clearly  understood  that  such  is  impracticable,  then  their  employment  will  not 
lie  discontinued,  but  they  will  IK?  used  with  greater  discrimination  and  regulated 
f  •  i  to  suit  the  varying  changes  of  weather. 

MJ^"^TML|        The  simplest  form  of  air-inlet  is  the  "Sher- 

iingham  "  (fig.  568),  which  necessitates  a  hole 
HI     through  an  outer  wall  with  a  grating  on  the 
.     ....,_,  outside,  and  an  inner  frame  provided  with  a 

r*t    MB  —     HMrnglMUM      Air-UWL  * 

hinged  hopper-shaped  flap,  weighted  so  that 

when  a  weight  attached  to  a  cord  is  raised,  the  flap  may  be  opened  at  will; 
thw  in  an  useful  appliance  when  suitably  placed  and  regulated,  but,  as  ordinarily 
Uaad,  too  small  and  consequently  liable  to  cause  draughts. 

Fig.  569  is  similar  to  a  "  Sheringham  ",  but  made  larger  and  provided  with  a 
picrred  inlet-plate,  which  has  the  effect  of  causing  a  better  distribution  of  the 
incoming  air. 
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Fig.  570  shows  a  Sheringrham  air-inlet,  with  baffle-plates,  an. I  ti-.  .^71  a 
similar  inlet,  but  with  a  screen  in  the  middle  of  the  wall  fur  breaking  strong 
currents  of  air  on  windy  days. 
These  inlets  can  be  cased  inside 
the  room  with  woodwork  in  the 
form  of  a  bracket,  as  shown  in  fig. 
572,  if  desired. 

An  inlet  with  a  regulating  valve 
placed  within  the  thickness  of  the 
wall,  instead  of  a  hinged  front,  is 
shown  in  fig.  573;  while  fig.  574 
illustrates  a  somewhat  similar 
inlet,  which  contains  in  addition 
to  the  baffle-plate  b  and  valve  r, 
a  water-drawer  <•  intended  to  catch  and  retain  the  dust  in  the  passing  air. 

A  drawer  air-inlet  with  baffle-plates  is  shown  in  fig.  575. 

Fig.  576  is  provided  with  louvres  behind  an  ornamental  plate,  with  means  for 
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Klg  670.  -  Sh«rinjrh»m  Air  Inlet,  with 
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Fig  571.-  Rherinuhmm  Air-Inlet,  with  IUfll«- 
pUtr*  and  Inner  Wind-gturd. 


Fig.  671  -Kherlnchua  Atr-tolet  to 
Wood  Bracket 


regulating  the  louvres.  The  same  arrangement,  but  with  the  louvres  sloping  in 
the  opposite  direction,  is  made  to  act  as  an  outlet. 

Fig.  577  shows  a  small  appliance  for  fixing  over  a  slit  in  the  bottom  rail  of  a 
window,  and  capable  of  being  closed;  it  may  IK*  employed  when  windows  cannot 
be  opened,  but  can  only  admit  a  limited  amount  of  air  as  a  supplement  to  other 
openings.  Hit-and-miss  gratings  for  fixing  in  the  meeting-rails  of  a  iMfe-window 
can  also  be  obtained.  A  deep  bottom  rail  and  Wad  to  an  ordinary  double-hung 
sash  permit  of  the  window  being  opened  to  allow  air  to  enter  at  the  meeting 
rails. 

These  illustrations  have  been  selected  to  indicate  the  many  types  of  air-inlets 
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now  in  the  market     It  will  be  observed  that  the  object  generally  aimed  at  is 
the  admitsftiou  of  air,  so  as  to  cause  diffusion  throughout  the  apartment,  ami  to 

avoid  a  direct  current  or  draught; 

but,   as   previously   stated,   they 
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574.— Air  InUt  with  Baffle-plate  '»,  T«lTe  e 
and  waUir-drawer  «. 


are  frequently  employed  too  small  in  size,  and  improperly  located,  so  that,  when 
the  Huetional  force  within  is  powerful,  they  either  fail  in  those  particulars  for 
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n»  ffe-Drawvr  Air  Inlet,  wttb  Baffle  pUu*. 


fig,  670.—  Air-inlet  with  Movable  Louvre*. 


which  they  have  been  designed,  or  else  do  not  give  an  efficient  supply  of  air, 
the  result  beinjj  draughts,  or  air  being  drawn  from  other  sources. 


677.  -Air-Inlet  for  FLdof  on  Bottom  Rail  of  Window. 


Roury  air-  propellers  or  fans  are  now  acknowledged  to  be  the  most  econo- 
mical  appliances  for  impelling  air  into  buildings  when  the  plenum  system  is 
adopted.  Various  manufacturers  have  introduced  different  forms,  the  differences 
being  principally  in  the  form  and  number  of  the  blades.  Fig.  578  shows  one 
with  two  blades,  and  fig.  579  shows  one  with  six  blades  of  a  different  shape.  As, 
however,  the  plenum  system,  for  which  they  are  principally  required,  will  not 
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be  fully  discussed  for  reasons  previously  given,  it  is  unnecessary  to  consider 
clasely  the  several  points  of  difference  they  present,  or  to  go  further  into  par- 
ticulars respecting  their  application. 

The  use  of  a  spray  of  water  for  inducing  a  current  of  air  in  an  extract-tube 


Fig.  678.—  Howorth'i  Two-bladed  Air-  propeller  or  Fan. 


Fig.  tTV.-Baini.  Thotnpauo,  A  Co.'i  SU-bladcd  Air  propeller  or  Tun. 


will  be  considered  and  illustrated  in  the  next  chapter;  exactly  the  same  arrange- 
ments can  be  adopted  for  inlets. 

Air-inlet  cowls,  such  as  those  shown  in  tigs.  580  and  581,  are  sometimes  used; 
they  are  useful  for  spaces  surrounded  (or  nearly  so)  by  other  rooms,  such  as  halls 


Fig.  580.  —  Etaratlon  and  Section  of  DnnuM  *  Dime's 
Air  Inlet  Cowl. 


F*.  «tt -View  of  BaiH.  TV>«p«o«.  *  Co.'i 
Air  Inlrt  Cowl 


and  staircases,  as  well  as  in  ordinary  circumstances.  They  must  IK*  fixed  on  roofs 
where  the  wind  will  have  free  play  upon  them,  as  they  will  otherwise  act  as  out- 
lets.  In  still  weather  also  they  will  cease  to  serve  the  purpose  for  which  they 
are  intended. 


;  « 
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Warmed -air  Inlets  will  be  considered  in  Chapter  VIII.,  under  the  head  of 
'  Warming  and  Ventilation". 

C* 


CHAPTER    V. 
AIR-OUTLETS. 

Too  much  stress  cannot  ta  laid  upon  the  fact  that  in  most  British  homes, 
where  open  fire*  are  provided  in  almost  every  room,  the  smoke-flues  from  the 
fireplaces  must  ta  regarded  as  the  exits  for  air.  Under  ordinary  circumstances 
they  are  sufficient  for  the  purpose;  when  a  fire  is  burning  in  the  grate,  the 
smoke-flue  i*  practically  the  only  way  whereby  the  air  of  the  apartment  finds 
it.-*  way  to  the  open.  It  is  therefore  useless  to  provide  other  openings  as  exits, 
without  the  employment  of  heat  or  mechanical  power,  because  such  will  almost 
invariably  l>e  found  to  act  as  inlets  and  not  as  outlets,  and  will  be  liable  to  cause 

j 

discomfort   by  admitting  too  directly  large  volumes  of  cold  air  in  improper 
directions. 

To  place  a  mica-flap  ventilator  (figs.  582  and  583),  as  an  outlet,  in  the 
external  wall  of  a  room  with  an  OJHJII  fire,  is  a 
very  common  mistake;  when  the  windows  and 
doors  are  closed,  the  suction  up  the  flue  will 
almost  invariably  close  the  flaps,  so  that  air 
cannot  jiossihly  escape  in  that  direction,  and 
air  will  rarely  force  its  way  out  post  such  flaps, 
even  when  doors  and  windows  are  freely 
opened.  The  only  useful  position  in  which  a 


Fit  fa&    Uk»  Bap  AUxmtUt 


Fl».  6W. -Section  of  Mien-flap  Air- 
outlet  with  Doable  Flaps 


flapped  ventilator  can  tw  fixed  is  in  direct  connection  with  the  flue  from  the 
fireplace,  toward*  the  upper  part  of  the  room;  then,  provided  the  throat  of  the 
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flue  is  throttled  and  there  is  a  good  draught  upwards,  the  heated  air  from  the 
upper  portion  of  the  room  will  be  carried  off.  This,  however,  is  only  an  «!•. 
tage  when  a  room  Incomes  overheated,  and  an  objection  to  ventilators  so  placed 
is  the  almost  certain  disfigurement  of  the  walU  and  ceiling  by  smokr  U-ing  at 
times  drawn  into  the  room.  Better  ventilation  of  the  apartment  could  be  secured 
by  the  employment  of  a  suitable  and  well-placed  air-inlet,  with  the  fireplace 
flue  acting  as  the  sole  outlet. 

If  it  is  really  considered  desirable  to  employ  a  flapped  ventilator,  one  has 
been  devised  which  works  within  a  segment  of  a  circle,  so  as  to  avoid  noise  from 


Tig  584  -Improved  Mlcm  lUp  Air-outlet. 


Fig.  S8&.- Projecting  Air  outlet  for  Filing  In 


the  movement  of  the  flaps,  whenever  the  forces  within  and  without  vary.  This 
form  (fig.  584)  is,  however,  unsuited  for  connecting  with  smoke-flues,  l>ecause 
the  flaps  can  never  be  made  to  fit  so  tightly  that  smoke  will  not  pass  around  the 
edges;  consequently  its  use  is  very 
limited. 

For  rooms  without  fireplaces 
and  ventilation-flues,  outlet  ven- 
tilators in  the  external  wall  may 
be  of  service.  A  ventilator  of 
this  kind  is  shown  in  fig.  585;  it 
can  be  supplied  with  a  valve,  as 
shown  in  the  plan  and  section,  to  prevent  any  inrush  of  air.  Another  form  is 
shown  in  fig.  586,  which  has  not  the  disadvantage  of  projecting  beyond  the  fine 
of  the  external  wall,  but  which  may  not  be  absolutely  free  from  back-draught 

Extract-cowls  on  outlets,  such  as  are  shown  in  figs.  587  to  597,  are  designed 
(a)  to  act  as  wind-bafflers  so  as  to  obviate  a  direct  blow  down  the  outlet-shaft, 
(6)  to  prevent  the  inlet  of  wet,  and  (c)  to  accelerate  the  outflow  of  air  by  the 
suctional  force  of  wind  acting  upon  the  cowl. 


Fit  W8  -  Fliuh  Alr-ontlet  for  firing  In  W«n» 
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Rival  claims  by  numerous  manufacturers  have  caused  experiments  to  be 
made  with  a  view  to  demonstrate  the  relative  value  of  the  various  forms  em- 
ployed, and  the  conclusion  arrived  at, — after  many  trials  carefully  made  by 
Commissioners  appointed  both  in  England  and  in  America, — is  that  an  open  tube, 
with  a  protecting1  cap  to  prevent  the  entrance  of  wet,  gives  as  good  a  result  as 
any  of  them,  if  varying  states  of  the  weather  are  taken  into  account.  AVhen  a 
strong  wind  U  blowing,  change  of  air  can,  as  a  rule,  be  secured  within  a  building 
without  special  means,  and  to  add  to  the  facility  of  obtaining  change  of  air  at 
such  times  may  simply  mean  greater  discomfort  to  the  occupants.  In  a  still 
atmosphere,  when  change  of  air  would  be  of  advantage,  the  cowl  exercises  no 
power  whatever,  and  unless  provided  with  a  valve,  as  in  fig.  597,  there  will 
certainly  be  a  down-draught  instead  of  an  up-draught,  if  a  suctional  influence, 
such  as  an  open  fire,  be  employed  within. 

Nevertheless,   outlet -cowls  may  be  usefully  employed   in   connection   with 


/  t 

PI*  WT.-Walker-i  Extract-cowl,  with  Two  SfamfU. 

buildings  in  which  there  are  no  open  fires  or  other  upcast  flues,  provided  there 
are  also  suitable  inlets.  In  many  buildings — such  as  schools,  churches,  chapels, 
public  halls,  Ac. — which  are  only  occasionally  occupied,  changes  of  air  can 
thereby  be  effected  at  times  when  no  one  is  present.  Such  changes  of  air  will 
£•••7  MBBt  in  keeping  the  buildings  in  a  pure  and  healthy  state  for  occupation 
when  required.  Means,  however,  should  always  be  conveniently  placed  for 
regulation,  or  even  closing  both  the  inlets  and  outlets;  otherwise,  in  cold 
weather,  discomfort  from  draughts  will  be  experienced.  There  should,  as  a  rule, 
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be  only  one  outlet  to  an  apartment,  suited  to  the  size  thereof,  for  if  the  outlets 
be  multiplied,  particularly  when  fitted  with  cowls,  one  may  draw  upon  the  other 
at  times  when  the  action  of  the  wind  is  irregularly  exercised  upon  them.  Several 


Ife  58a— View  of  Lotwter  b*ck  RoUry  CbwL 


Ife.  MB.-KoUry  Ventilator  flirj  la  Window-pane. 


room. 


openings  from  the  apartment  connected  to  one  cowled  outlet,  as  in  fig.  587,  may 
be  advantageously  used  for  withdrawing  air  from  different  j>arts  of  the 

The  different  kinds  of  extract-cowl  are  very  numerous 
indeed,  but  they  fall  into  two  distinct  classes: — (1)  CowU 
with  movable  parts;  and  (2)  Cowls  without  movable  jwrts. 

(1)  Cowls  with  movable  parts  are  made  both  for  inlets 
and  outlets.  The  "  lobster  -back"  rotary  cowl,  shown  in 
fig.  588,  is  an  example  in  point.  If  arranged  so  as  to  expose 
the  open  side  to  the  wind,  it  will  act  as  an  inlet,  if  the 
reverse  as  an  outlet;  consequently  its  power  in  either  direc- 
tion is  in  proportion  to  the  external  force  of  the  wind,  pro- 
vided no  other  power  is  exercised  from  within.  Should  the 
latter  take  place,  one  may  either  counterbalance  the  other,  or, 
what  is  more  probable,  the  current  will  vary  in  proportion 
as  to  whether  that  within  or  that  without  is  the  stronger. 

Rotary  ventilators,  such  as  those  shown  in  figs.  589  and 
590,  are  often  attractive  because  they  give  ocular  demon- 
stration that  air  is  moving,  but  without  the  accompaniment 
of  mechanical  force  they  are  most  delusive.      Fig.  589  is  a  form  at  one  time 
employed,  fixed  in  windows  or  doors,  but  now  rarely  seen.     The  revolving  of 
the  blades  doubtless  has  the  effect  of  diffusing  the  air,  but  such  can  be  accom- 
plished with  better  results,  as  previously  indicated,  without  any  movable  parts. 
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When  rotary  ventilators,  such  as  fig.  590,  are  used  as  outlets,  they  imj»nl«« 
the  flow  instead  of  assisting  it,  unless  wind  is  blowing  with  sufficient  force  to 
revolve  the  outer  louvred  cap;  consequently  the  discharge  is  in  varying  pro- 


Hg  IM.— Kite's  Extnct-eowl  in  Wood  Turret 


portion  according  to  the  power  of  the  wind  outside,  and  the  cowl  would  probably 
be  equally  effective .  without  the  revolving  parts.  Some  people  suppose  that 
down-draughts  are  prevented  by  this  form  of  ventilator,  but  much  depends  upon 
the  direction  in  which  force  is  exercised;  if  from  within,  (say)  resulting  from  an 
open  fire  in  an  apurtment  unprovided  with  other  sufficient  inlet,  the  tendency 
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will  be  to  suck  air  in  past  the  screw,  when  the  external  air  is  comparatively  calm; 
and,  if  wind  be  blowing,  antagonistic  forces  may  be  brought  into  play,  one  *»•*•§ 
the  suctional  force  exerted  in  consequence  of  the  fire,  which  will  endeavour  to 
draw  air  in,  the  other  being  the  force  of  wind  acting  on  the  louvred  cap  by 
which  the  screw  will  be  revolved  and  made  to  draw  the  air  out,  the  result  of 
which  might  be  to  reverse  the  action  in  the  flue,  and  cause  smokiness  within. 


Fig.  593.— Bedford'!  Exhautt  ventilator. 

When  turned  by  mechanical  power,  however,  rotary  ventilators  may  be 
usefully  employed  to  extract  air  from  apartments  in  which  there  are  suitable 
inlets  and  no  open  fires. 

(2)  Cowls  without  movable  parts  are  preferable,  where  mechanical  power  is 
not  available.  Speaking  broadly,  we  may  include  in  this  category  not  only  those 
circular,  octagonal,  or  square  cowls,  upon  which  winds  from  every  quarter  take 
effect,  but  also  the  rectangular  dove-cot  ventilators  with  blank  ends,  and  what 
are  known  as  "  concealed  roof  ventilators  ". 

The  most  common  form  of  extract-cowl  is  the  circular  cowl,  with  vertical 
plates  and  openings  so  arranged  that  the  wind,  passing  over  and  between  the 
plates,  sucks  air  out  through  the  openings,  and  so  through  the  central  shaft,  with 
which  these  are  connected.  The  arrangement  of  the  several  parts  by  different 
makers  differs  considerably,  but  the  general  principle  remains  the  same.  Fig.  591 
illustrates  a  good  cowl  of  this  sort,  and  fig.  592  a  somewhat  different  one, 
designed  for  inserting  into  a  wood  turret,  as  shown. 

Cowls  with  the  air-slits  arranged  horizontally  instead  of  vertically,  are  also 
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successful.  Fig.  593  shows  a  good  example,  which  is  fitted  with  coudensation- 
channeU  inside  and  outlet -holes,  and  with  internal  valves  for  opening  and 
closing.  A  simpler  form  is  shown  in  fig.  594,  and  another  in  fig.  595,  the 
latter  having  a  rather  curious  appearance. 

Fig.  596  shows  a  cowl,  in  which  there  are  both 
horizontal  and  vertical  openings,  but  experiment 
alone  can  indicate  whether  this  modification  in- 
creases the  extracting  power.  See  also  fig.  587. 


606  -Beaton  Glblas  Eitnct-oowl 


Fig  IM.-Walker-t  Extract  cowl. 


A  different  arntnyement  is  .shown  in  fig.  597;  in  this,  the  wind  passing 
horizontally  through  the  upper  part  draws  the  air  up  through  the  holes  in  the 
perforated  plnte,  while  back-draught  is  prevented  by  the  light  mica  disc,  which 
is  hinged  on  one  side.  In  another  cowl,  made  by  the  same  firm,  the  mica  disc 
is  arranged  to  move  up  and  down  a  central  rod,  and  this  arrangement  appears 
preferable.  In  either  case,  the  weight  of  the  disc  must  be  overcome  before 
extraction  can  take  place. 

TV  dow-cot  tyjw  of  extract-ventilator  is  shown  in  fig.  598,  and  a  modified 
form  in  fig.  599.  These  are  not  as  universally  successful  as  the  cowls  previously 
described,  but  in  some  situations  their  appearance  may  be  preferred. 

'  The  concealed  roof  ventilator"  was  designed  to  meet  the  wishes  of 
those  to  whom  all  projections  of  ventilators  above  the  roof  are  eyesores. 
A  good  ventilator  of  this  kind,  having  outlets  for  moisture,  is  shown  in  fig. 
600.  These  ventilators  are  not  as  efficient  as  good  cowls,  but  they  have  their 


Flue-outlets,  as  shown  in  fig.  601,  may  assist  as  outlets  when  there  are  no  fires 
lighted,  but  when  the  fires  are  used  they  will  almost  invariably  become  inlets, 
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and  consequently  at  such  times  should  be  closed.     For  double  chimney-stacks 


fig  »&-Kll«'i  E»U*ct-»«nUl«tar  o<  U»  I*»T»-eo»  Type. 


Fig.  6*7  -Sugg1!  Ertr*ctr«owL 


Fig  SM.-Balnl.  Thompson.  A  O, 


they  must  be  placed  in  pairs,  the  wind  blowing  right  through  l>oth  ventilators. 
"Water-spray  ventilators"  have  been  used  with  considerable  success.     In 


Fig.  «00.-Don«ld  and  Sime'i  Concealed  toot  VwUUtor 

these  ventilators  the  force  exercised  by  a  spray  of  water  within  a  suitably-con- 
structed tube  is  employed  for  inducing  a  current  of  air  either  into  or  from  an 
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apartmeut  Where  water  at  sufficient 
may  be  usefully  employed.  Their  ap- 
plication, however,  must  necessarily 
be  very  limited,  because  of  the  cost 
involved  in  many  localities,  compared 
with  the  result  effected,  which  in 
molt  instances  can  be  secured  by 
far  .simpler  means.  In  cold  weather 
there  is  also  the  liability  to  freezing 
of  the  water.  Fig.  602  illustrates 
an  extract-ventilator  of  this  kind, 
in  which  the  water-spray  from  the 
nozzle  A  draws  the  air  vertically 
downwards.  Other  appliances  are 
ma«le  in  which  the  spray  acts  verti- 
cally upwards,  and  others  again  in 
which  it  acts  horizontally. 


pressure  is  available,  these  ventilators 


nry  *Uck 
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Fl«.  «0t  -flection  of  Kite1!  Water-qmy  Vertical 
Kxlmiut.  driving  downward* 


CHAPTER  VI. 
"NATURAL"  VENTILATION. 

Much  has  been  said  and  written  as  to  the  respective  advantages  of  upward 
and  downward  ventilation,  and  I  am  inclined  to  think  that  the  more  general 
condemnation  of  downward  ventilation  has  been  arrived  at  without  full  con- 
sideration of  the  facts.  A  statement  previously  made — that  the  flue  from  a 
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fireplace  is  almost  the  only  (if  not  the  only)  air-outlet  from  most  rooms-can 
«e*ily  be  verified  by  any  one,  particularly  when  a  fire  is  burning  in  the  grate. 
Open  a  window,  or  other  "  ventilator ",  wherever  it  may  be  about  the  room, 
and  it  will  l>e  found  that  air  will  as  a  rule  enter.  In  fact,  only  when  the 
suctional  power  of  the  wind  outside  can  overcome  the  draught  up  the  Hue,  will 
air  leave  the  apartment  in  any  quantity  except  up  the  flue,  provided  of  course 
that  the  door  is  shut,  so  that  other  influences  within  the  house  may  be  excluded. 
Inasmuch  as  fireplaces  are  invariably  placed  near  the  floor,  and  in  all  modern 
fireplaces  the  lowest  point  of  the  flue  is  generally  less  than  three  feet  alwve  the 
floor,  extraction  of  air  in  such  cases  must  be  in  a  downward  direction  from  the 
ceiling  towards  the  fireplace,  unless  inlets  occur  in  improper  positions,— e.g. 
about  the  lower  portion  of  the  room,— when  quick  horizontal  movements  of 
cool  air  direct  from  the  inlet  to  the  fire  (in  other  words,  draughts)  may  be  set 
up,  to  the  discomfort  of  the  occupants. 

There  is  nothing  more  important  in  the  attainment  of  comfortable  ventilation 
than  to  estimate  rightly  the  functions  of  the  fireplace  flue.  Most  «moke-flue.s  are 
built  about  14  inches  by  9  inches,  and,  when  pargettcd,  will  measure  120  square 
inches;  but  often  at  the  throat,  and  more  frequently  by  the  chimney-pot,  this 
area  is  reduced  to  between  60  and  80  square  inches,  or  (say)  half  a  square  foot. 
As  the  lengths  of  flues  vary  considerably,  and  the  question  of  no  fire  or  more  or 
less  fire  in  the  grate  exerts  a  varying  influence  upon  the  amount  of  air  whirh  in 
a  given  time  will  pass  up  the  flues,  it  will  be  seen  how  greatly  must  differ,  even 
under  similar  conditions  of  the  external  atmosphere,  the  rate  at  which  the  air  of 
various  apartments  will  change,  and,  as  the  conditions  vary  outside,  greater 
differences  still  will  be  found  in  the  amount  of  change  of  air  that  will  take  place 
within  the  various  rooms.  Nevertheless,  in  any  apartment  provided  with  an 
open  fireplace,  the  smoke-flue  is  the  dominant  means  for  securing  an  outflow 
of  air. 

It  is  possible  to  vary  the  size  of  the  flue  opening  by  means  of  a  register,  an 
appliance  which  fortunately  is  now  less  employed  than  formerly,  l>ecau*e  it  ia, 
as  previously  mentioned,  too  often  wrongly  used  to  entirely  close  the  flue,  and 
it  is  only  in  the  smallest  rooms  and  in  cold  weather  that  the  ordinary  smoke-flue 
can  be  considered  too  large  for  the  purpose  of  ventilation. 

Regulation  of  the  amount  of  the  change  of  air  in  an  apartment  is  better 
effected  at  the  inlet  than  the  outlet;  consequently  all  inlets  should  lie  capable 
of  easy  regulation.  They  should  also  be  of  larger  area  than  the  outlet,  viz.  the 
fireplace  flue. 

Windows  and  doors  should  in  every  dwelling  be  regarded,  in  addition  to 
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their  other  functions,  as  definite  appliances  for  ventilation.  Generally  th.-v 
nrve  M  inlets  for  air,  but  at  times  as  outlets.  When  an  open  fire  is  burning  in 
*  room,  they  are  almost  invariably  inlets  only,  and  in  the  majority  of  rooms 
in  which  there  is  a  fireplace,  windows  and  doors  are  by  far  the  most  effective 
appliances  which  can  be  employed  for  ventilation,  provided  they  are  suitably 
placed,  and  can  be  easily  opened,  more  or  less,  at  the  discretion  of  the  occupants. 
Although  it  may  not  be  comfortable  to  have  windows  and  doors  constantly 
open  when  the  rooms  are  occupied,  there  are  many  times  when  they  may  be 
partly  opened,  and  on  other  occasions,  when  the  rooms  are  unoccupied,  they 
may  all  l>e  thrown  open,  so  that  a  thorough  change  of  air  may  take  place, 
regardless  of  droughts. 

In  stating  thus,  there  is  no  intention  of  condemning  as  useless  other  inlet- 
appliances  when  intelligently  fixed  and  regulated,  but  there  is  a  danger,  which 
manv  j»eojile  fall  into  when  such  appliances  are  provided,  of  trusting  to  these 
alone,  ami  making  them  the  excuse  for  not  freely  opening  windows  and  doors; 
whereas  all  such  appliance*,  which  necessarily  cannot  be  of  very  large  dimensions, 
ought  only  to  l>c  regarded  as  supplementary  to  the  open  windows. 

Doors  have  IHM-II  mentioned  al>ove  as  appliances  for  securing  change  of  air  to 
an  apartment;  as  such  they  are  frequently  and  usefully  employed,  but  a  dis- 
tinction must  always  \tc  made  between  outer  doors  and  those  to  the  separate 
rooms,  and  it  must  be  ascertained  whether  at  the  time  they  serve  as  outlets  or 
inlets.  If  change  of  air  takes  place  by  way  of  an  inner  door,  it  must  be  noted 
that,  should  air  pass  out  of  the  room  thereby,  it  will  prolwbly  proceed  thence 
through  the  hall  ami  by  the  stairway  into  some  other  rooms,  the  doors  of  which 
may  IK?  open,  so  that,  if  the  air  has  become  fouled  in  the  first  room,  its  foulness 
will  liecome  in  part  communicated  to  the  hall,  staircase,  and  other  rooms;  and 
when  air  enters  a  room  by  the  door,  it  comes  from  other  parts  of  the  house,  and 
the  question  will  then  arise  whether  it  has  in  any  way  become  contaminated  in 
r  -  •• 

The  position  of  the  door  of  a  room,  and  the  side  upon  which  it  is  hung,  will 
have  a  considerable  effect  upon  the  comfort  of  the  occupants  of  the  room,  Iwcause, 
even  if  each  compartment  of  a  house  be  separately  supplied  with  a  suitable  air 
inlet  and  outlet,  the  Imlance  of  power  is  so  sensitive  that,  as  the  door  is  one  of 
the  largest  openings  round  a  room  and  the  one  most  frequently  opened  and 
cloned,  it  must  exert  considerable  influence  upon  the  air  movements  within  the 
room ;  it  must  therefore  be  regarded  as  a  ventilator.  Fig.  603  indicates  various 
positions  and  directions  in  which  doors  may  be  hung,  the  best  being  those  in 
which  the  incoming  air  has  the  greatest  distance  to  travel  from  door  to  fireplace. 
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The  advantage  of  securing  change  of  air  through  the  doorway*  is  that,  in  odd 
weather,  the  air  is  more  likely  to  become  tempered  by  pawing  through  portions 


Fig.  COS.-  Four  AirangemenU  nf  norm  aod  Fireplace*,  thowfo* Carraato ol  Air  wb«n  ih«  Doatvu* 

of  the  building,  and  the  change  is  consequently  less  unpleasant  to  the  occupants 
than  when  air  is  allowed  to  enter  direct  from  the  exterior.  The  air  can  also  be 
easily  regulated  in  quantity  by  opening  the  door  more  or  less,  but  as  the  privacy 
of  the  room  is  thereby  lessened,  such  an  expedient  is  not  at  all  times  convenient; 
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the  difficulty  can,  however,  be  overcome  by  the  use  of  fan-lights  over  the  doors, 
made  to  open,  as  shown  in  Plate  II. 

The  ventilation  of  all  rooms  in  a  house  through  the  hall  and  stairway  has 
been  advocated,  and  openings  have  in  some  instances  been  provided  above  the 
doorways,  fitted  with  hinged  casements  or  with  flaps  or  louvres,  and  if  a  good 
supply  of  fresh  air  be  admitted  to  the  hall  and  stairway,  warmed  in  cold  weather, 
and  all  chance  of  contamination  within  the  house  be  avoided,  such  a  system  may 
be  carried  out  with  good  effect.  But  when  open  fires  are  employed  in  some 
rooms  only  of  the  house,  and  the  air-supply  to  the  hall  and  stairway  is  in- 
adequate, the  stronger  suctional  power  induced  up  the  flues  in  such  rooms  will 
have  a  tendency  to  draw  air  from  other  rooms  where  there  are  no  fires,  perhaps 
down  the  smoke-flues,  and  may  thus  cause  a  sooty  smell  throughout  the  house; 
or  where  the  staircase  is  of  considerable  height,  the  tendency  is  for  the  wanned 
air  to  rise  to  the  top,  and,  if  it  can  find  exit  there,  it  will  cause  a  pull  upon  the 
air  of  the  apartments  instead  of  supplying  air  thereto.  In  fact,  there  are  many 
houses  not  specially  arranged  to  be  ventilated  as  above  described,  in  which  this 
tendency  of  a  lofty  stairway  to  act  as  an  upcast  shaft  and  draw  air  from  the 
rooms,  Incomes  most  troublesome,  and  is  a  frequent  cause  of  smoky  chimneys, 
or  at  least  of  down-draughts  in  Hues  where  there  are  no  fires  alight.  Con- 
sequently it  is,  as  a  rule,  letter  to  provide  separately  for  the  ventilation  of  each 
room,  as  well  as  of  the  halls  and  stairways. 

Suggest  ions  have  lx?en  given  how  this  ventilation  may  best  be  accomplished, 
but  it  is  impossible  to  lay  down  absolute  rules  which  will  in  every  case  be 
effective.  Conditions  are  so  widely  different  that,  to  obtain  success,  each  case 
must  be  treated  on  its  merits,  and  little  more  can  be  done  than  explain  the 
salient  points  which  should  demand  attention,  and  ever  to  insist  upon  the 
necessity  for  intelligent  regulation  if  the  comfort  of  occupants  is  to  be  secured. 


CHAPTER  VII. 
CONTAMINATION  OF  AIR,  &C. 

The  principal  causes  of  the  contamination  of  air  in  rooms,  other  than  want 
of  adequate  change  of  air,  are:  (1)  Deposits  of  animal  and  organic  matter, 
including  exhalations  from  human  Icings  and  animals,  the  products  of  re- 
tpiration,  &c.\  (2)  Condensation-,  '3)  Evaporation-,  and  (4)  Absorption. 
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In  every  inhabited  room,  particularly  those  in  which  meaU  am  partaken  of, 
there  must  necessarily  IHJ  deposited  a  certain  amount  of  organic  matter,  such  as 
crumbs,  particles  of  skin,  respiratory  matter  from  human  beings  and  domestic 
animals.  This  matter,  if  permitted  to  accumulate,  will  putrefy,  and  give  off 
gases,  which  will  pollute  the  air  and  make  it  unwholesome  to  breathe. 

On  all  surfaces,  which  by  not  absorbing  and  retaining  heat  are  Mow  the 
normal  temperature  of  the  room,  condensation  will  take  place,  particularly  when 
change  of  air  is  not  frequent.  In  addition  to  the  moisture  or  vapour  of  water, 
which  is  ever  present  in  the  atmosphere,  moisture  is  caused  by  respiration  and 
exhalations  from  human  beings  and  animals,  steam  from  cooked  meats,  the 
products  of  combustion  (whether  for  heat  or  light),  tolwicco-  smoke,  ami  the 
volatilization  of  various  organic  substances;  every  one  of  these  forms  of  moisture, 
with  their  several  organic  or  other  impurities,  may  be  condensed  upon  the 
surfaces  within  the  room,  when  these  are  l>elow  the  general  temperature  of  the 
atmosphere  it  contains  and  the  change  of  uir  is  not  sufficiently  rapid  to  at  once 
carry  them  away. 

This  condensation  can  always  be  noticed  upon  large  surfaces  of  glass,  when 
the  temperature  outside  is  below  that  within,  but  although  it  is  more  noticeable 
upon  the  glass,  it  is,  in  fact,  being  deposited  upon  all  the  surfaces  in  the  room 
in  proportion  to  their  temperature;  hence  the  importance  of  constructing  and 
furnishing  dwellings  with  materials  which  absorb  and  retain  heat,  and  not  with 
normally  cold  and  impervious  substances. 

Much  of  the  moisture,  and  of  the  more  volatile  portion  of  the  sulwtances 
condensed,  will  again  l>e  carried  off  by  evaporation  when  the  tenij>eniture  of  the 
surfaces  is  raised,  or  a  freer  circulation  of  air  is  permitted,  but  the  less  volatile 
organic  matter  remains  and  forms  a  film  over  the  surfaces,  which  will  either 
putrefy  and  so  contaminate  the  air,  or  will  dry  and  fall  off  as  dust,  probably  so 
fine  that  it  will  be  carried  about  by  movements  of  the  air.  In  this  way,  the 
germs  of  disease  may  contaminate  the  air,  and  enter  the  lungs  of  persons 
occupying  the  room. 

Condensation  and  evaporation,  therefore,  play  an  important  part  in  connec- 
tion with  ventilation,  and  I  am  inclined  to  believe  that  the  popular  fancy  for 
hard,  impervious  substances,  which  do  not  readily  retain  heat,  for  the  con- 
struction and  lining  of  walls,  is  more  than  questionable,  if  comfort  and  good 
ventilation  are  to  be  secured  in  our  homes.1 

1  It  must  not  be  forgotten  that  those  material*  which  "absorb  and  retain  heat  ".—Men  a*  wool  ordinary  platter. 
unglazed  wall -papers,  — are  the  very  onea  to  abaorb  organic  matter.  Sir  Douglas  Gallon,  in  hia  book  on  Htallky 
Dtcfllingt,  says  that  "in  1862.  in  the  French  Academy  of  Medicine,  a  cue  wan  mentioned  in  which  an  analyva  had 
been  made  of  the  plaster  of  a  hospital  wall,  and  4«  per  cent  of  organic  matter  was  found  in  the  platter".  Ttoa  was 
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Many  substances  and  materials  possess,  in  varying  degree,  the  property  of 
absorption,  not  alone  of  moisture  but  of  volatilized  substances  and  even  of 
gases;  for  example,  clothes  and  draperies  retain  for  a  considerable  time  the  odour 
of  tobacco-smoke.  Even  to  plain  surfaces,  air  itself  somewhat  clings,  for  it 
is  A  well-known  fact  that  a  stream  of  air,  propelled  at  an  angle  against  a  flat 
surface,  does  not  rebound  at  the  same  angle  as  would  a  solid,  but  goes  off  at 
a  more  obtuse  angle,  indicating  that  an  attractive  or  retarding  influence  has 
been  exerted. 

Some,  who  have  observed  the  stuffy  effect  produced  by  a  superabundance  of 
draperies,  rush  to  the  opposite  extreme,  denude  their  rooms  of  all  such,  strip  the 
papers  from  the  walls  and  paint  them  instead,  or  cover  them  with  tiles  ami 
glaze*  1  ware,  discard  carpets,  and  varnish  the  floors.  Yet,  in  doing  so,  they 
proltably  fall  into  greater  error,  for  to  secure  change  of  air  in  such  rooms, 
without  causing  draughts,  Incomes  more  difficult;  the  rooms  have  a  chilling 
effect  in  cold  weather,  and  unless  the  hard  surfaces  are  constantly  cleaned,  they 
l»econie  incrusted  with  dirt  resulting  from  condensation  thereon.1 

Observation  has  demonstrated  that  the  dust  ever  present  in  the  air  influences 
the  deposition  of  moisture,  every  particle  of  which  carries  with  it  an  atom  of 
dual;  in  addition  to  which,  the  moistened  surfaces  will  cause  other  particles  to 
become  attached.  Doubtless  most  dust-particles  are  inert;  some,  however,  are 
organic,  and  of  these  some  are  living  microbes.  Hence  it  must  be  a  questionable 
proceeding  to  give  resting-place  for  such,  particularly  in  conjunction  with 
moisture,  which  is  supposed  to  retain  their  vitality,  and  under  favourable 
circumstances  to  assist  in  their  multiplication. 

Frequent  change  of  air  too  often  brings  with  it  a  large  amount  of  dust  and 
scot,  «fcc.,  and  the  careful  housewife  will  often  close  windows  and  doors  and 
ventilators  to  keep  it  out.  In  doing  so,  ventilation  may  be  retarded.  Except 
in  very  windy  weather,  when  heavier  particles  are  raised  and  blown  about,  it  is 
a  question  whether,  in  badly-ventilated  houses,  dust  is  not  deposited  upon 

before  the  days  of  bacteriological  examination,  but  undoubtedly  this  organic  matter  contained  many  micro-organisms, 
possibly  pathogenic;  even  ordinary  bricks  hare  proved  capable  of  harbouring  and  multiplying  this  minute  life. 
Beaidea.  absorbent  material*  do  not  prevent  condensation  ;  they  merely  hide  it.  The  true  remedy  would  appear  to  lie 
in  the  direction  of  warming  the  surface*  in  a  room,  especially  the  walls,  and  of  providing  a  freer  circulation  of  air.  An 
of  »  house  constructed  on  this  principle  is  given  by  Dr.  Billings  in  his  book  on  "  Ventilation  and 


The  boose  is  at  CreiJ  in  France,  and  is  of  two  stories,  the  external  walla  having  an  outer  skin  about  9 
thick,  and  an  inner  skin  4  inches  thick,  with  a  cavity  about  9  inches  wide  between.  The  air  circulating  in  the 
canty  m  warmed  by  means  of  hot-water  pipes  to  a  temperature  of  about  120"  Fahr.,  and  gives  to  the  inner  skin  of  the 
waD  a  tesaperatore  of  about  W  Fahr.  The  air  to  the  rooms  is  admitted  cold,  and  is  extracted  by  means  of  "chimneys". 
-TW  location  of  the  boose  is  a  damp  one,  bat  the  interior  is  dry,  and  the  boose  is  said  to  be  very  comfortable."— Ki>. 
On  the  other  hand,  so  great  is  the  absorption  of  organic  and  other  impurities  by  ordinary  wall-papers  and  plaster, 
that  every  sanitarian  declares  that  old  wall-papers  most  be  stripped  off  before  new  ones  are  laid,  and  some  go  so  far 
as  to  advocate  the  removal  of  the  outer  akin  of  plaster  every  few  year*,— ED. 
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articles  of  furniture,  walla,  floors,  Ac.,  in  greater  quantities  than  where  an 
adequate  movement  of  air  is  freely  permitted.  Naturally  there  may  be  various 
reasons  why  at  different  times  more  or  less  dust  will  be  deposited  in  rooms, 
but,  in  a  properly- ventilated  room,  the  finer  particles  of  dust  will  not  readily 
accumulate. 

The  ground  on  which  the  house  is  built  is  often  a  fruitful  source  of  con- 
tamination to  the  air  within.  Not  only  excessive  moisture  or  damp,  but  also 
noxious  gases,  may  be  drawn  up  from  the  ground  by  the  warmth  of  the  house. 
Hence  the  necessity1  of  draining  the  subsoil,  of  rendering  the  basement- walls  as 
impervious  as  possible,  of  covering  the  site  with  an  impervious  ground-layer, 
and  of  laying  on  all  walls,  immediately  above  the  ground,  a  thoroughly  damp- 
proof  course. 

A  basement  story  under  living-rooms  is  generally  an  advantage,  provided  it 
is  kept  dry  and  clean,  and  is  well  supplied  with  fresh-air  inlets  and  up-cast  flues. 
In  winter  it  often  happens  that,  when  the  house  w  closed,  an  adequate  amount 
of  air  is  not  supplied  to  the  several  apartments,  and  when  fires  are  lighted,  the 
basement-air  is,  to  a  large  extent,  drawn  upon  to  take  the  place  of  that  which 
ascends  the  flues.  A  fusty  smell  within  a  house  Ls  often  traceable  to  dampness, 
or  to  an  accumulation  of  rubbish,  in  the  basement.  To  remedy  such  a  state  of 
things,  the  basement  should  be  cleaned,  dried,  and  provided  with  suitable  air 
inlets  and  outlets,  and  at  the  same  time  separate  air-inlets  should  l>e  constructed 
to  each  room  in  the  house,  with  the  fireplace  flues  as  exits. 

Where  there  is  no  basement,  and  a  space  is  left  between  the  ground  and  the 
floor  immediately  above,  equal  care  should  be  taken  to  keep  the  space  dry  and 
clear  of  all  contaminating  influences,  because  when  windows,  doors,  and  venti- 
lators are  closed,  such  spaces  will  certainly  be  drawn  u|>ou  to  supply  air  to  the 
rooms  above.  Many  people  would  be  surprised  to  find,  if  the  floor  were  removed, 
what  an  amount  of  filth  there  often  is  in  such  places,  and  they  might  then  realize 
why  the  rooms  are  close  and  stuffy,  and  why  unhealthiness  has  frequently  occurred 
among  the  inmates.  When  such  air-spaces  are  properly  constructed  and  cleared 
of  all  rubbish,  it  is  still  necessary  (in  order  to  prevent  the  decay  of  wood  and  the 
stuffiness  alluded  to)  to  provide  for  change  of  air  therein,  and  the  height  of 
perfection  would  be  to  do  so  quite  independently  of  the  rooms  above,  but  such 
is  rarely  practical.  A  separate  flue  or  flues  carried  up  with  the  smoke-flues,  and 
air-inlet  gratings  suitably  placed  around  the  walls,  will  generally  suffice. 

Foul  gases  from  drains  and  waste-pipes  are  a  dangerous  kind  of  air-contami- 
nation, and  particular  attention  should  be  given  to  the  principles  laid  down  in 

1  As  explained  in  Section  II..  voL  i.  pp.  Ml  69-71,  and  75-45.— Ea 
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the  .sections  on  "Sanitary  Plumbing",  "Sanitary  Fittings",  and  "  Drainage' '.  in 
Older  that  the  house  may  be  free  from  all  these  deadly  emanations.  Even  win -n 
all  waste-pipes  discharge  over  trapped  gullies,  particular  care  should  be  taken 
that  the  air-inlet*  to  the  rooms  are  as  far  from  them  as  possible,  as  occasionally 
the  gullies  may  choke  and  overflow,  or  the  standing  water  in  the  traps  may 
evaporate  and  allow  the  free  escape  of  air  from  the  drains. 

Faulty  construction  of  the  house,  as  explained  in  Chapter  III.,  is  another 
aource  of  air-contamination,  and  in  this  connection  the  following  paragraph  from 
Section  II.  (vol.  i.  page  61)  may  be  quoted: — 

"  Since  dirt  is  so  prevalent,  it  t>ehoves  the  architect  to  avoid  as  far  as  possible 
all  ledges,  nooks,  and  crevices,  and  all  unseen  spaces  which  could  give  it  lodg- 
ment. Considered  in  the  light  of  cleanliness,  the  ordinary  floor,  with  its  plastered 
ceiling  below  and  gaping  Ixmrds  alx>ve,  is  radically  wrong;  so  also  is  the  confined 
Hpa«-«'  .so  often  provided  Iwtween  the  ground-layer  and  ground-floor;  so  also  are 
lath -and -plaster  partitions,  hollow  walls,  and  indeed  all  details  of  building- 
const  ruction  which  provide  space  invisible  and  inaccessible  to  the  householder. 
Sooner  or  later  dirt  finds  its  way  to  these  dark  places,  and  vermin  breed  and 
wander  there,  safe  from  the  housemaid's  broom  and  the  cat's  eager  paw." 

Free  admission  of  daylight  to  enclosed  spaces  intended  for  occupation  appears 
to  IK*  necessary  for  maintaining  them  in  a  condition  suitable  for  healthy  residence, 
and  therefore  light  is  an  important  factor  in  connection  with  effective  ventilation. 
Its  purifying  action  upon  the  atmosphere  is  most  marked,  and  consequently 
should  l»e  encouraged. 

L'ntil  the  introduction  of  the  incandescent  electric  light,  air-contamination 
resulted  from  all  methods  of  artificial  illumination,  these  artificial  lights  being 
the  result  of  combustion,  by  which  complex  impurities  are  thrown  off  into 
the  atmosphere,  carl  ionic  acid  predominating. 

Candles,  particularly  those  of  common  make,  will,  light  for  light,  contaminate 
the  atmosphere  more  than  most  illuminants. 

Animal  and  vegetable  oils  come  next,  and  then  coal-gas.  In  oil-lamps,  very 
much  depends  upon  the  form  of  lamp  and  burner,  and  the  currents  in  the  air  of 
the  apartment.  Irregular  and  rapid  movements  in  the  air  cause  smokiness  and 
imperfect  combustion,  which  result  in  contamination  of  the  atmosphere  by 
products  which  are  injurious  to  health  when  breathed. 

The  introduction  of  better  illuminants  has  tended  to  a  demand  for  more  and 
more  light,  and  the  greater  the  ease  and  economy  with  which  it  can  be  used,  the 
larger  the  quantity  consumed.  At  the  beginning  of  this  century,  a  single  candle 
would  be  considered  sufficient  for  a  room  of  moderate  dimensions — later,  an  oil- 
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lamp.  Tlien  prol>ably  three  gas-burners  would  not  be  thought  excessive,  and 
now  that  people  are  generally  becoming  accustomed  to  the  electric  light,  even 
more  gas-jets  may  be  demanded  where  the  electric  light  is  not  available.  All 
this  continually-increasing  demand  for  more  powerful  illumination  lias  had  a 
marked  effect  upon  the  ventilation  of  dwelling-rooms. 

The  introduction  of  coal-gas  resulted  in  the  demand  for  lofty  rooms,  which 
in  turn  require  the  use  of  more  gas  for  lighting  them,  and  yet  in  but  few  cases 
have  additional  inlets  and  outlets  for  causing  increased  change  of  air  been 
provided;  consequently,  with  a  larger  capacity  and  no  better  means  of  causing 
change  of  air,  ventilation  cannot  be  so  good  as  in  rooms  less  lofty,— i.e.  of 
less  cubic  capacity, — because  change  of  air  in  the  latter  can,  under  similar  con- 
ditions, be  more  quickly  brought  al>out. 

Various  methods  for  conveying  away  the  products  of  combustion,  when  gas  b 
employed  for  illuminating  purjxxses,  have  l>een  adopted,  but  they  cannot  as  a  rule 
be  relied  on  to  act  in  a  satisfactory  manner  under  varying  conditions  of  the  outer 
atmosphere,  and  are  frequently  affected  by  the  lighting  of  a  fire,  and  the  open- 
ing or  closing  of  a  door  or  window.  Sunlight-burners  have  l>een  extensively 
used,  but  the  great  heat  emitted  therefrom  precludes  their  use  in  any  but  lofty 
apartments,  and  in  them  an  excessive  consumption  of  gas  is  required  to  secure 
the  requisite  illumination.  Moreover,  they  act  as  a  jKiwerful  means  by  which 
air  is  extracted  from  the  apartment,  and  unless  the  greatest  care  IK?  exercised  in 
providing  suitable  inlets,  they  will  cause  down-draught  in  fireplace  flues;  and 
in  cold  weather  it  is  difficult  to  regulate  the  inflow  of  air,  required  to  replace 
that  which  they  are  the  means  of  removing,  in  such  a  manner  that  discomfort 
may  not  be  caused  to  the  occupants  of  the  room.  The  incandescent  gas-burners 
now  largely  employed  give  an  excellent  light  with  less  contamination  of  the  air 
than  in  the  case  of  ordinary  burners.. 

The  incandescent  electric  light  has  fortunately  l>een  so  far  perfected  and 
cheapened,  that  it  is  placed  within  the  reach  of  many  who  desire  a  strong 
illuminant  without  contamination  of  the  atmosphere.  An  additional  advantage 
which  it  possesses  is  the  comparatively  small  rise  in  temperature  involved,  com- 
pared with  the  illuminating  power,  so  that  the  ordinary  means  provided  for 
securing  ventilation  are  not  materially  affected  when  the  electric  light  is  turned 
on.  It  is  in  fact  an  ideal  illuminant  in  connection  with  means  for  securing 
efficient  ventilation,  because  it  neither  contaminates  the  air  nor  materially 
influences  its  movements.  The  methods  of  generating  and  applying  it  will  be 
descril>ed  in  a  subsequent  section. 

Wherever  change  of  air  in  an  inclosed  space,  such  as  a  room,  is  retarded,  and 
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there  are  contaminating  influences,  it  is  not  alone  the  air  which  is  vitiated,  but 
tmj  upfaMi  therein  becomes  more  or  less  tainted,  and  the  longer  such  con- 
tamination takes  place,  the  longer  will  be  the  time  required  (during  which  more 
frequent  change  of  air  is  necessary)  before  such  space  and  the  articles  within  it 
will  again  become  pure  and  the  room  rendered  suitable  for  healthy  occupation. 
Hence  it  is  that  every  careful  housewife  realizes  the  necessity  for  the  frequent 
removal  of  everything  which  is  likely  to  cause  air-contamination  in  and  about 
her  dwelling,  as  well  as  for  the  frequent  airing  of  unoccupied  rooms  by  throwing 
wide  open  the  windows  and  doors. 

Where  there  has  been  infection  or  continued  contamination,  it  may  be 
advisable  to  employ  powerful  disinfectants,  not,  as  a  rule,  for  making  the  atmo- 
sphere itself  wholesome,  but  more  generally  for  purifying  the  surfaces,  objects, 
ami  parts  of  a  building  inaccessible  to  any  other  cleansing  influence.  For  this 
purj>ose  volatile  substances  arc  employed,  which  should  be  made  to  penetrate  all 
cracks  and  crevices,  ample  time  l>eiiig  allowed,  so  that  the  thorough  destruction 
of  what  is  injurious  may  take  place.  Fluid  disinfectants  may  be  employed  for 
all  accessible  surfaces  which  would  not  be  injured  thereby.  Many  so-called 
disinfectants  |x>ssess  a  strong  odour  but  little  antiseptic  power;  they  are  worse 
than  useless  in  connection  with  ventilation,  because  they  mask  bad  odours,  which 
otherwise  might  indicate  the  sources  of  contamination  and  lead  to  their  removal1 


CHAPTER   VIII. 
WARMING  AND  VENTILATION. 


For  some  six  months  of  the  year  in  this  country  artificial  heat  is  a  necessity 
in  our  homes.  At  such  times  the  outer  atmosphere  is  too  cold  for  the  comfort 
of  occupants  when  little  exertion  is  being  made.  Various  methods  are  con- 
sequently employed  for  raising  the  temperature  of  dwellings,  such  as  open 
fires,  closed  stoves,  gas-fires,  gas-stoves,  hot  water,  steam,  and  hot  air.  These 
systems  of  warming  houses  are  dealt  with  in  the  Section  on  "Warming",  and 
therefore  they  will  only  here  be  referred  to  as  regards  the  effect  they  may 
respectively  have  on  the  ventilation  of  houses. 

I.  Ventilating:  Fire-grates.  —  The  open  fireplace  has  previously  been  referred 

'For  farther  information  on  thin  important  subject  tee  the  "General  Introduction",  by  Dr.  Andrew**  PP- 
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to  and  the  value  of  smoke-flues  discussed,  but  in  addition  to  the  simple  open 
fire,  which  undoubtedly  is  cheerful  and  pleasant  under  ordinary  circumstances, 
although  wasteful  and  frequently  the  cause  of  cutting  draught*,  there  are  more 
complicated  forms  specially  designed  to  secure  comfortable  ventilation,  the  idea 
being  to  impart  to  the  necessary  incoming  air,  which  must  replace  thai  Mending 
the  Hue,  a  portion  of  the  heat  given  out  by  the  fire. 

Theoretically  the  idea  is  excellent,  but  unfortunately  the  difficulties  which 
have  to  be  overcome  in  the  construction  of  the  grate  are  considerable,  and, 
although  I  have  tried  many  forms,  I  cannot  say  that  any  are  permanently 
satisfactory,  the  principal  reason  being  that  metal  (generally  iron)  w  employed, 
which  must  l>e  jointed,  and  the  constant  variation  in  temperature  alternately 
expands  and  contracts  the  parts,  so  that  in  time  the  joints  open,  and  smoke  is 
drawn  into  the  fresh-air  channels,  vitiating  the  atmosphere  of  the  ajMirtments. 
One  common  fault  they  nearly  all  have,  viz.  the  passage  of  cold  air  abstracts 
heat  from  the  hot  gases,  given  off  at  the  top  of  the  fire,  to  such  an  extent  that 
soot  is  quickly  deposited,  and  the  temperature  of  the  Hue  is  proportionately 
reduced,  frequently  resulting  in  a  clogging  of  the  mouth  of  the  flue  and  a  lifeless 
fire. 

I  have  obtained  better  results  r»y  utilizing  the  heat  of  the  Ixxly  of  the  fire, 
instead  of  abstracting  it  from  the  gases  given  off.  Nevertheless  I  am  inclined 
to  think  that  in  rooms  of  moderate  dimensions  it  is  better  to  \tc  content  with 
the  radiant  heat  of  the  fire,  in  a  well-constructed  grate  in  which  the  fire  is  well 
surrounded  with  firebrick,  and  to  admit  a  reasonable  amount  of  fresh  air  by 
suitably-placed  openings  in  the  upper  j>ortion  of  the  room  as  previously  descried; 
a  further  reason  in  favour  of  this  opinion  is  that,  as  the  air-inlet  channels  around 
the  fire-grate  cannot  l»e  easily  got  at  and  periodically  cleaned,  in  time  they  must 
become  fouled  by  the  large  quantity  of  air,  which  passes  through  and  necessarily 
brings  with  it  a  considerable  proportion  of  dust  and  dirt,  and,  to  ground-floor 
rooms,  the  air-inlets  are  frequently  too  near  the  surface  of  the  outer  ground. 

2.  Closed  Stoves. — Better  heat- value  in  proportion  to  the  amount  of  fuel 
used  can  be  obtained  from  these  than  from  an  open  fireplace,  but  generally  at 
the  expense  of  change  of  air,  l>ecause  the  sectional  area  of  the  flue  is  less,  and 
consequently  the  amount  of  air  extracted  is  reduced. 

Another  result  arising  from  the  use  of  many  closed  stoves,  particularly  thoae 
principally  constructed  of  iron,  is  that  the  metal  becomes  overheated ;  this  causes 
a  rapid  circulation  of  air  in  the  room,  and  large  volumes  of  air  are  brought  into 
contact  with  the  overheated  surfaces.  Much  of  the  dust  floating  about  in  the 
atmosphere  consists  of  particles  of  organic  substances;  these  either  burn  and  give 
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off  carbonic  acid,  or  are  charred  and  cause  an  offensive  odour.  These  heated 
surfaces  also  dry  the  air  and  make  it  unpleasant  to  breathe;  to  mitigate  this 
evil,  iromnln  of  water  should  l>e  placed  upon  or  near  closed  stoves,  and  care 
should  be  taken  to  have  the  vessels  and  water  clean. 

3.  Gas-fires. — If  properly  constructed,  gas-fires  are  convenient  and  cleanly, 
and,  as  regards  ventilation,  might  l>e  expected  to  act  in  a  similar  manner  to  an 
open  coal -fire,  but  in  two  important  particulars  they  are  less  satisfactory: — 
1.  The  heat  from  a  gas-fire  has  a 
decided  tendency  to  over -dry  the  air 
of  an  apartment,  so  that,  unless  a  pan 
of  water  or  other  suitable  appliance  lie 


Flf  60*  — FU»i  and  KccUvu  vt  thuce  •  .single  Apparatus  fur  Wanning  Incoming  Air  by  Oas. 


used  to  supply  sufficient  moisture,  the  air  becomes  unpleasant  if  not  actually 
unhealthy  to  breathe.  2.  In  setting  grates  for  gas-fires  it  has  become  a  custom 
to  very  considerably  reduce  the  area  of  the  flue,  and  in  consequence  change  of  air 
cannot  take  place  so  frequently  within  the  room. 

4.  Gas  Stoves,  as  far  as  our  subject  is  concerned,  may  be  divided  into  two 
flllMM,  viz.  those  that  are  intended  to  assist  ventilation,  and  those  which  make 
no  attempt  in  that  direction.  As  regards  the  latter,  they  should  only  be  used 
when  efficient  means  of  ventilation  can  otherwise  be  secured. 

Of  those  designed  to  assist  ventilation,  there  are  several  varieties  and  forms, 
the  object  principally  aimed  at  Iwing  to  impart  a  portion  of  the  heat,  evolved 
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from  the  burning  of  gas,  to  the  incoming  air  of  the  apartment,  and  to  convey 
iroducts  of  combustion  into  a  flue  or  more  directly  to  the  open.     A  difficulty 


from  the  burning  of  gas,  to  the  incoming  air  of  the  apartment,  and  to  convey 
the  products  of  combustion  into  a  flue  or  more  directly  to  the  open.  A  difficulty 
which  the  writer  has  experienced  is  to  prevent  back-draughts  extinguishing  the 
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flame,  and  thereby  causing  an  escape  of  gas.  Moreover,  the  working  parts  of 
such  gas-stoves  are  principally  of  metal  and  have  to  be  jointed;  variation  in 
temperature,  arising  from  being  at  times  highly  heated  and  then  allowed  to  cool 
down,  causes  varying  expansion  and  contraction  of  parts,  and  ultimate  breaking 
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of  the  joint*,  and  the  products  of  combustion  also  cause  corrosion,  so  that  any 
degree  of  permanence  can  scarcely  be  expected. 
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Improvements  In  arrangement  and  construction  may  be  expected,  and  even 
now,  in  careful  hands,  there  are  several  appliance*  which  may  be  usefully 
employed.  Of  these,  figs.  604,  605,  and  606  are  examples ;  they  are  well -designed 
and  carefully-constructed  ventilating  gas-stoves,  arranged  so  that  the  flame  is 
fed  from,  and  the  products  discharged  into  the  open  air,  while  fresh  air  is 
separately  supplied  to  the  room  through  the  apparatus,  and  warmed  thereby 


K  607.— PUu  and  SecUvu  of  Bulldlne  ohowing  Brurc'i  Radiator*  Winning  the  Incoming  Air.  and  r  peart  Shaft*  carrying  off 

the  Vitiated  Air 

when  the  gas  is  lighted.  Fig.  604  gives  the  plan  and  section  of  a  single 
apparatus:  the  outer  case  can  be  made  of  marble,  faience,  tiles,  or  mosaic, 
of  any  design  or  colour,  in  a  metal  framework.  A  double  apparatus  in  shown 
in  fig.  605;  in  this  the  front  has  a  "projecting  illuminating  centre",  in  which 
three  gas-jets  are  arranged  to  throw  light  through  the  stained-glass  panels  in 
the  projecting  portion;  these  gas-jets  are  perhaps  more  for  ornament  than  use, 
although  of  course  they  will  possess  a  certain  amount  of  heating  power. 

In  fig.  606  the  plan,  sections,  and  elevations  of  Bruoe's  hot-water  apparatus 
or  radiator  with  copper  boiler  are  given,  the  water  being  heated  by  gas 
as  in  the  preceding  examples.  The  advantage  of  the  water  is  that  it  will 
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retain  its  heat  for  some  time  after  the  gas  is  turned  off.     Fresh  air  is  admitted 
and  wanned  by  passing  over  the  coiled  pipes. 

Fig.  607  shows  Brace's  gas-stoves  or  radiators  applied  to  the  warming  and 
ventilation  of  a  building,  upcast  shafts  being  provided  for  the  vitiated  air,  and 
carried  above  the  roof.  This  building,  which,  I  understand,  has  been  erected  in 
Bradford,  is  an  interesting  experiment  in  the  way  of  procuring  warmth  and 
ventilation  by  means  of  gas.  In  fig.  608  a  scheme  of  wanned -air  ventilation  is 
shown,  having  a  central  air-warmer  in  the 
basement,  and  shafts  therefrom  conveying  the 


n«.  0*.-  Plan  and  SecUuo  of  Buiiain*  (bowing  Brace's  Central  Air  warmer  and  ShafU  therefrom  to  the  iCTerml  Room,  and 

Extract  sh»/u  for  the  Vitiated  Air. 

warmed  air  to  the  several  rooms.  The  vitiated  air  is  carried  away  by  upcast 
.shafts  as  in  the  previous  example. 

With  respect  to  these  radiators,  my  fear  is  that,  at  times,  the  pressure  of 
air  on  the  outlet  for  vitiated  air  will  cause  a  back-draught,  which  may  extinguish 
the  gas-flame,  and  that,  with  the  outlets  from  the  apartments  arranged  as  shown 
in  figs.  607  and  608,  there  will  not  be  so  thorough  a  change  of  air  through  them 
as  there  would  be  with  the  outlets  on  the  same  side  as  the  inlets,  and  with  the 
inlete  and  outlets  all  of  larger  size  and  with  the  latter  near  the  floor. 

6.  Hot-water  Keating'. — In  large  rooms  this  is  a  convenient  method  of  raising 
the  temperature,  but,  unless  supplemented  by  an  open  fire,  has  many  of  the 
disadvantage*  of  closed  stoves,  and,  unless  special  means  for  the  ingress  and 


RADIATOM. 

egress  of  air  are  provided,  good  ventilation  is  impossible.  Ventilating  radiators 
have  consequently  been  introduced,1  by  which  air  from  the  exterior  is  permitted 
to  enter  and  pass  through  or  around  the  tube*  containing  hot  water;  but  even 
with  that  provision  for  admitting  fresh  warmed  air,  far  too  little  attention  ia 
generally  paid  to  the  provision  of  exits,  with  the  result  that  change  of  air  does 
not  freely  take  place. 

Low-pressure  hot-water  heating  is  the  simpler  method,  and  when  properly 
applied  secures  the  greater 
comfort  in  rooms.  High-pres- 
sure hot-water  heating  has 
found  favour  because  the 
smaller  pipes  are  less  un- 
sightly, but  they  have  coun- 
terbalancing disadvantages. 
The  small  volume  of  water 
they  contain,  and  the  more 
rapid  circulation  set  up  in 
the  pipes,  results  in  greater 
variation  in  temperature,  and 
when  highly  heated  the  air  is 
made  dry. 

A  pernicious  method  of 
laying  hot-water  pipes  is  to 
place  them  in  trenches  below 
the  floor-level,  covered  with 
gratings,  through  which  the 
sweepings  of  the  floors  find 
their  way;  the  pipes  thus  be- 
come surrounded  with  filth, 
and  when  floors  are  washed 
moisture  is  added;  the  heat 
given  off  from  the  pipes  facilitates  decomposition,  resulting  in  the  contamination 
of  the  air  of  the  room. 

6.  Steam,  when  directly  used  in  place  of  water,  adds  to  all  these  disadvantages, 
and  should  therefore  be  used  with  the  greatest  caution,  if  good  ventilation  is  to 
be  secured.  Steam  can,  however,  be  more  readily  conveyed  to  greater  distances 
than  hot-water,  and  is  therefore  well  adapted  for  large  and  extended  buildings; 

1  For  illustrations  see  Section  on  "  Wanning  ",  pp.  124-7,  VoL  II.— En. 
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ami  when  used  in  batteries  to  which  fresh  air  can  be  admitted,  such  as  that 
shown  in  fig.  609,  ventilation  may  be  assisted  in  cold  weather,  provided  that 
suitable  outlet-flues  are  properly  arranged. 

7.  Hot  Air. — Hot  air  is  still  more  difficult  to  deal  with  effectively,  unless 
iiifi-hanical  means  are  employed  for  causing  it  to  How  where  required,  and  when 
motive  power  is  made  use  of,  it  is  far  more  effective  and  reliable  when  used  for 
propulsion  than  for  extraction,  because,  when  a  propelling  force  is  employed,  the 
source  of  air-supply  can  l>e  ascertained  and  regulated ;  the  air  can  not  only  be 
tempered,  but  may  l>e  cleansed  and  brought  to  a  suitable  hygrostatic  condition, 
its  volume  can  IH>  determined,  and  its  direction  can  be  regulated  at  will.  The 
means  by  which  air  is  heated  may  considerably  affect  its  condition.  Low- 
pressure  steam  and  hot  water  are  far  more  reliable  than  stoves  or  furnaces, 
UH:ause  the  latter  are  liable  to  contaminate  the  air,  particularly  in  the  course  of 
time,  when  joints  ojx?n  by  frequent  expansion  and  contraction,  or  by  the  wearing 
away  of  jmrts,  and  there  is  a  further  danger  from  fire  should  the  air  become 
overheated. 

N\  hatever  methods  are  employed  when  hot  air  is  used,  all  air-ducts  and 
flues  must  lx?  readily  accessible,  and  care  must  be  exercised  to  keep  them  clean, 
otherwise  in  its  jwissage  through  them  the  air  will  be  contaminated  and  become 
unpleasant,  if  not  actually  unhealthy,  to  breathe. 

Moreover,  it  is  as  necessary  to  have  suitably-arranged  exits  as  it  is  to  pro- 
vide inlets  for  the  wanned  air.  They  also  should  be  kept  clean,  and,  in  order 
to  avoid  irregular  currents  and  draughts,  the  exits  into  the  open  must  be 
constructed  so  that  movement  of  the  outer  atmosphere  may  exercise  neither 
a  suctional  nor  retarding  influence  upon  the  outflow.1 


CHAPTER    IX. 
SUMMARY. 

It  has  been  my  endeavour,  in  the  foregoing  remarks  upon  ventilation,  to  lead 
those  who  have  to  build  and  those  who  occupy  houses,  to  realize  the  intricacies 
of  the  subject  when  regarded  as  affecting  communities  as  well  as  individuals; 
that  it  is,  in  fact,  the  maintenance  of  the  outer  atmosphere  in  a  state  of  purity, 

1  For  farther  hfennatioa  on  CkmMmA  Warming  and  Ventilating  System*  tee  pp.  93-108,  and  225-228,  VoL 
II,  and  PUta.  XX,  XXL.  XXIL,  aod  XXIIL-fci 
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without  which  pure  air  cannot  be  expected  within  houses;  that  contamination  of 
otherwise  pure  air  will  take  place  in  and  alxmt  dwellings,  unless  constant 
cleanliness  throughout  is  exercised ;  and  that  the  situation  and  arrangement  of 
houses,  the  materials  of  which  they  are  built,  the  manner  of  their  construction, 
and  also  of  their  fittiug-up  and  furnishing,  will  exercise  considerable  influence 
upon  their  ventilation. 

It  has  also  been  pointed  out  that,  apart  from  definite  air-inlets  provided  for 
ventilation,  air  may,  and  in  almost  every  case  will  (particularly  when  open  fires 
are  in  use),  be  drawn  from  sources  frequently  difficult  to  trace,  and  that  such 
sources  may  be  contaminated;  and  that,  with  the  best  possible  arrangements 
provided  for  securing  adequate  change  of  air,  efficient  ventilation  can  only  be 
secured  by  the  constant  attention  and  watchfulness  of  those  who  occupy  the 
buildings,  or  of  those  entrusted  with  the  care  thereof,  princijMtUy  for  the  reason 
that  change  of  air  within  a  building  is  most  frequently  brought  alxnit  by  move- 
ments of  the  outer  air,  which  constantly  vary,  and  because  comfortable  change 
of  air  within  is  greatly  affected  by  the  temi>erature  of  that  without,  which  also 
is  subject  to  considerable  variation. 

Only  by  propelling:  air  by  mechanical  means  into  a  building  is  it  possible 
to  ascertain  the  source  of  the  air-supply,  to  IK>  able  to  cleanse  it,  teni|>er  it,  and 
to  regulate  its  hydrostatic  condition,  as  well  as  cause  it  to  circulate  throughout 
the  several  apartments  of  a  building  without  causing  currents  or  draughts  which 
may  be  unpleasant  to  occupants. 

"The  Theory  and  Practice  of  Ventilation",  published  in  1844  by  David 
Boswell  Reid,  M.D.,  F.H.8.E.,  is  replete  with  interesting  facts  and  information, 
but  partly,  I  am  inclined  to  think,  l>ecause  he  had  not  the  appliances  to  work 
with  which  now  are  attainable,  and  partly  l>ecause  in  some  cases  his  observations 
have  led  him  to  wrong  conclusions,  his  deductions  are  not  to  l>e  fully  relied  on. 
This  is  most  unfortunate,  because  I  find  so  many  recent  writers  on  ventilation 
appear  to  take  them  all  for  gospel,  and  continue  to  disseminate  views  which  now 
caunot  be  supported  by  facts. 

The  general  condemnation  of  downward  ventilation  is  a  case  in  point;  it  has 
been  called  down-draught  ventilation,  and  consequently  condemned,  for  a  down- 
draught  is  generally  recognized  to  l>e  objectionable,  but  it  is  now  abundantly 
proved  that,  with  air  gently  travelling  in  a  downward  direction,  it  can  be 
supplied  pure  and  with  comfort  even  to  each  separate  individual  in  a  crowded 
hall;  and,  as  previously  explained,  change  of  air  in  an  ordinary  apartment  where 
there  is  an  open  fire,  principally  takes  place  in  a  downward  direction. 

The  placing1  of  inlets  and  outlets  on  opposite  sides  of  a  room  is  another  of 
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those  errors,  in  past  times  originated,  still  handed  down  and  followed  by  the 
unthinking.  Windows  are  not  intended  to  be  included  in  this  condemnation; 
as  already  explained,  they  may  with  advantage  be  on  different  sides  of  a  room, 
as  they  can  then  be  employed  for  quickly  securing,  at  suitable  times,  a  thorough 
change  of  air  in  the  apartment. 

In  conclusion,  let  it  be  rememl>ered  that  in  ordinary  dwelling-houses,  what- 
ever ventilating  appliances  may  IKJ  considered  advisable,  it  is  essential  that  thov 
be  simple  in  const  ruction,  and  easily  regulated,  and  that  anything  in  the  form 
of  ducts  or  Hues  must  be  of  sufficient  area  to  permit  of  ready  access  for  cleansing, 
and  must  be  periodically  cleaned;  and,  as  it  is  only  by  the  employment  of 
mechanical  means  that  the  flow  of  air  in  any  one  direction  can  l>e  continuously 
regulated,  and  as  such  mechanical  means  cannot  be  economically  employed  in 
separate  dwellings,  there  is  at  all  times  a  liability  from  the  varying  temperature 
of  the  inner  and  outer  air,  or  from  the  direction  or  force  of  the  wind  outside,  to 
a  reversal  of  currents,  so  that  the  inlets  may  become  outlets  and  the  outlets 
inlets;  consequently,  unless  the  outlets  as  well  as  the  inlets  are  maintained  in 
a  clean  condition,  the  air  admitted  may  in  its  passage  through  them  become 
contaminated,  and  so  prevent  the  possibility  of  securing  efficient  ventilation. 


VENTILATION*   BY   WARM   AIR. 


SUPPLEMENTARY   CHAPTER 
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VENTILATION  BY   MEANS  OF  WARMED  AIR. 

Plates  XX.,  XXI.,  and  XXII.,  which  illustrate  two  well -arranged  house*  erected 
from  the  designs  of  a  London  architect,  Mr.  E.  J.  May,  have  been  introduced, 
with  Mr.  May's  kind  permission,  for  the  purjxxse  of  showing  what  has  lieen  done 
in  the  way  of  designing  houses  with  strict  regard  to  their  adequate  ventilation. 
Such  complete  schemes  of  ventilation  could  not,  of  course,  IK  adapted,  without 
very  great  cost,  to  existing  buildings,  but  in  the  ca.se  of  new  houses  there  is 
no  reason  why  ventilation  should  not  l>e  considered  from  the  outset,  and  its 
requirements  be  allowed  to  modify,  to  some  extent,  the  design  and  construction. 

Probably  neither  of  these  houses  would  have  been  erected  as  shown  in  the 
Plates,  had  not  Drs.  Drysdale  and  Hayward  carried  out  somewhat  similar  arrange- 
ments in  their  own  homes  in  Liverpool  in  the  years  1861  and  1807  resj>ectivelv, 
and  had  they  not  given  publicity  to  their  principles  in  papers  read  by  Dr.  Hay- 
ward  before  the  Liverpool  Architectural  Society  in  1868,  and  l»efore  the  Hoyal 
Institute  of  British  Architects  in  London  in  1873,  and  in  a  l»ook  entitled  Health 
and  Comfort  in  House-building,  which  first  saw  the  light  in  1872.  The  prin- 
ciples advocated  by  these  doctors  have  been  already  set  forth  herein  in  the 
Section  on  WARMING  (pp.  104-7),  and  little  need  l»e  added  now.  It  must, 
however,  l>e  pointed  out  that  they  now  disclaim  all  advocacy  of  warming  houses 
by  hot  air;  on  pp.  27  and  28  of  the  third  edition  (1890)  of  their  l>ook,  they 
make  this  clear:  "We  are  no  advocates  of  wanning  the  house  by  means  of 
heated  air.  All  we  recommend  here  is  the  warming  of  the  incoming  air  that 
is  requisite  for  ventilation.  .  .  .  The  attention  paid  here  to  the  distribution 
of  warm  air  has  led  to  the  erroneous  impression  that  our  book  recommends  the 
plan  of  wanning  the  house  by  hot  air." 

It  will  be  seen,  therefore,  that  the  house  at  Chiswick,  although  directly 
receiving  its  initiative  from  the  labours  of  the  Liverpool  doctors,  went  somewhat 
further,  for  it  was  an  attempt  to  combine  warming:  and  ventilation, — that  is  to 
say,  the  air  required  for  ventilation  was  to  be  wanned  in  the  basement  and 
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distributed  throughout  the  house  as  the  sole  warming  agent;  the  kitchen-fire, 
which  of  course  was  required  for  cooking,  supplied  the  necessary  heat  to  the 
surrounding  foul-air  flue  in  order  to  create  the  up-current  required  to  extract 
the  vitiated  air  from  the  several  apartments.  This  will  be  better  understood 
by  reference  to  the  two  Plates,  and  especially  to  the  section  and  details  givm 
in  Plate  XXI.  In  the  drawings  no  other  fireplaces  are  shown,  but  Mr.  May 
writes  that  fireplaces  and  flues  were  built,  but  the  fireplace-openings  were  bricked 
up  ami  therefore  not  used. 

The  fresh  air  was  drawn  into  a  special  chamber  in  the  basement,  and  there 
wanned  bv  means  of  hot- water  pipes  slung  to  the  ceiling  of  the  chamber. 
Thence  it  |>assed  through  floor-gratings  into  the  hall  on  the  ground-floor,  and 
the  corridor  on  the  first  floor,  and  was  then  conveyed  into  the  various  apart- 
ments through  holes  in  the  walls,  near  the  floors  and  ceilings. 

The  extract-flues  were  in  proportion  to  the  cubic  capacities  of  the  rooms  from 
which  they  led;  thus,  the  flue  from  the  consulting-room  was  10  inches  by 
5  inches,  that  from  the  kitchen  9  inches  by  9  inches,  and  those  from  the  two 
Ittd-roonid  shown  in  the  section  on  Plate  XXI.  were  11  inches  by  6  inches  and 
9  inches  by  5  inches  resj>ectivcly.  The  main  extract-flue  surrounding  the  smoke- 
flue  had  a  clear  area  of  3'81  square  feet,  while  the  downcast-shaft  leading  to  it 
had  an  area  of  572  square  feet. 

As  in  Dr.  Hay  ward's  house,  the  windows  were  "hermetically  closed",  in 
onler  that  no  cold  air  might  find  direct  access  to  the  rooms,  but  that  all  the 
air  required  must  pass  through  the  warming  chamber  in  the  basement.  In 
Dr.  Drysdale's  house — the  earliest  of  the  three — the  windows  were  simply 
"close-fitting",  but  apparently  the  experience  gained  here  led  to  the  "hermeti- 
cally-closed" windows  of  his  friend  Dr.  Hay  ward's  house,  and  later  to  those  of 
Dr.  Hogg's  house  at  Chiswick,  shown  in  Plates  XX.  and  XXI. 

There  are  several  serious  objections  to  such  a  combined  system  of  warming 
and  ventilation,  especially  when  the  windows  are  "  hermetically  closed "  and 
fireplaces  are  conspicuous  by  their  absence.  In  the  first  place,  there  is  a  want 
of  elasticity  about  the  arrangements;  for  example,  it  is  often  desirable,  particu- 
larly in  summer,  to  secure  a  large  inflow  of  air  to  a  room  after  it  has  been 
unduly  occupied,  as  in  the  case  of  a  dining-room  where,  after  a  dinner,  the 
gentlemen  have  smoked  abundantly;  the  best  way  of  effecting  the  desired 
change  of  air  is  undoubtedly  to  open  windows  as  wide  as  possible.  In  summer 
again,  the  currents  of  fresh  air  through  the  house,  caused  by  open  windows  and 
doors,  are  often  positively  refreshing.  In  such  a  house  as  that  at  Chiswick,  no 
refreshing  changes  of  air  could  be  rapidly  accomplished.  Then  again,  at  night, 


WARMING  AND  VENTILATION.  ; 

when  ventilation  and  fresh  air  arc  even  more  necessary  than  during  the  day, 
the  out-doors  will  be  closed,  so  that  no  air  can  find  entrance  except  through  the 
warming  chamber,  and  the  kitchen-fire  will  not  be  burning,  so  that  the  current 
in  the  extract-shaft  will  be  often  sluggish  in  the  extreme,  and  the  supply  of 
fresh  air  to  the  rooms  and  the  extraction  of  vitiated  air  will  be  imperfect  Air- 
ducts,  moreover,  may  become  coated  with  dust  and  organic  matter,  and  may 
actually  pollute  the  air  passing  through  them,  unless  they  are  so  arranged  as 
to  admit  of  ready  cleansing,  and  unless  the  cleansing  is  regularly  done. 

More  might  be  said,  but  perhaps  a  quotation  from  Mr.  May's  letter,  with 
reference  to  the  house  at  Chiswick,  will  suffice :  "A  family  lived  in  it  safelv  for 
four  years,  but  I  expect  they  found  it  dull  comfort  to  have  nothing  but  hot- 
air  gratings  to  look  at,  and  no  usual  draughts  to  grumble  at,  so  at  the  end  of 
that  time  the  windows  were  made  to  open,  and  the  fireplaces  (which  I  had  had 
formed)  opened  out  and  used,  thus  bringing  this  house  practically  to  the  same 
scheme  as  the  Hampstead  one". 

The  Hampstead  house  is  shown  in  Plate  XXII.,  and  undoubtedly  avoids  the 
principal  defects  of  the  earlier  building.  The  drawing  illustrates  a  jwir  of 
houses,  but  only  the  right-hand  house  includes  the  social  arrangements  for 
ventilation.  The  arrangements  for  the  warming  of  the  incoming  air  and  its 
admission  to  the  several  corridors  and  apartments,  and  for  the  extraction  of  the 
vitiated  air  by  means  of  upcast  Hues  leading  to  a  foul-air  chaml»er  in  the  attic, 
and  thence  by  a  main  down-cast  shaft  to  the  basement,  and  up  again  by  an 
extract-shaft  surrounding  the  kitchen  Hue,  are  practically  the  same  as  those 
at  Chiswick,  but  in  addition  to  them,  the  windows  are  made  to  open,  and 
fireplaces  are  provided  as  usual  in  the  rooms  and  used  when  required. 

This  scheme  appears  to  have  worked  satisfactorily;  at  any  rate,  Mr.  May  is 
able  to  write:  "  My  client  always  said  he  derived  great  l»enefit  and  comfort  from 
the  system".  Undoubtedly  it  possesses  merits  which  were  wanting  in  the  other 
house,  notably  the  merit  of  elasticity.  If,  in  case  of  sickness,  the  temperature 
of  any  room  requires  raising,  it  can  be  done  by  means  of  the  open  fire  provided 
in  that  room;  increased  ventilation  can  at  any  time  be  quickly  provided  by 
opening  the  windows,  and  additional  warmth  combined  with  greater  extraction 
of  air  by  lighting  a  fire  in  the  grate. 

Somewhat  similar  houses  have  been  erected  in  various  parts  of  the  country, 
but  it  is  certainly  somewhat  surprising  that,  after  the  lapse  of  more  than  30  yean 
from  the  erection  of  Dr.  Drysdale's  house  in  Liverpool,  so  few  examples  occur  in 
which  the  principles  have  been  carried  out.  Either  houses  as  ordinarily  built 
are  not  so  bad  as  they  are  painted,  or  the  proposed  system  has  serious  practical 
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defects,  or  architects  and  householders  are  grievously  slow  to  learn.  Perhaps 
all  three  reasons  have  something  to  do  with  the  tardy  adoption  of  the  system. 
Mr.  May,  although  he  has  evidently  studied  the  system  closely,  and  has  had 
practical  experience  in  the  working  of  it,  is  not  by  any  means  enthusiastic  about 
it;  he  says:  "I  have  never  professionally  advocated  it,  nor,  since  I  built  these 
houses,  have  I  designed  any  others  like  them,  nor  do  I  expect  to  very  much  ". 

Another  arrangement  for  supplying  warm  air  to  the  several  rooms  of  a 
building  is  shown  in  Plate  XXIII.  It  has  been  designed  by  Mr.  Wm.  Bruce, 
whose  gas-stoves  or  radiators  have  already  been  mentioned.  In  this  larger 
apparatus  also,  gas  is  used  as  the  heating  medium,  more  or  less  "sections"  of 
the  apparatus  being  used  according  to  the  work  to  be  done.  The  illustration 
shows  ten  of  those  sections  enclosed  in  a  chamber  of  glazed  brickwork.  Access- 
doors  are  provided.  A  separate  supply  of  air  is  conveyed  to  the  burners  by 
means  of  the  pipes  marked  M,  and  a  special  flue  J  is  constructed  for  carrying  off 
the  products  of  combustion. 

The  air  to  IK?  warmed  is  brought  from  the  exterior  through  the  large  duct  c, 
in  which  are  placed  three  filtering  screens  D.  A  fan  is  sometimes  inserted  at  E 
for  propelling  the  air,  and  when  this  is  in  use  the  flap  F  is  lowered  to  the  posi- 
tion shown  by  the  dotted  lines.  Between  the  fan  and  the  warming  chamber, 
water,  mixed  with  disinfectants  if  desired,  can  be  sprayed  through  the  incoming 
air,  so  as  to  purify  it  still  more;  this  is  effected  by  means  of  the  two  cylinders 
marked  i;  on  the  end  elevation,  and  the  adjacent  pipes.  After  passing  through 
the  wanning  chamlwr,  the  air  is  led  along  the  ducts  K  K  K  to  the  various 
apartments. 

This  apjwratus  provides  means  for  purifying  the  air,  and  has  other  advan- 
tages, which  should  render  it  of  considerable  utility  for  ventilation,  provided 
that  suitable  extract-shafts  are  provided,  and  that  the  air  is  properly  humidified 
after  l»eiiig  warmed. 
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CHAPTER    I. 
CANDLES    AND    OILS. 

The  illuminating-  power  of  candles  is  subject  to  great  variations,  owing 
partly  to  their  mode  of  construction,  and  also  to  the  great  irregularities 
caused  by  the  lengthening  and  shortening  of  the  wick;  thus,  when  a  freshly - 
snutfed  candle  is  first  lit,  there  is  a  rapid  increase  in  the  power  of  the  light, 
and  this  increase  continues  until  the  burnt  wick  leaves  a  residue  of  waste  and 
spongy  matter,  from  which  all  combustible  material  has  been  extracted.  This, 
if  not  removed  by  snuffing,  will  cause  the  light  to  decrease  as  steadily  as  at 
first  it  increased.  Such  variations  in  the  burning  intensity  of  candles  have 
been  found  by  experiment  to  reach  the  following  almost  incredible  ratios:— 
A  candle  which,  when  first  lit,  gave  an  intensity  of  100,  gave  in  four  minute** 
about  90,  and  in  twenty  minutes  only  30.  It  can  be  seen  from  this  that  such 
an  illuminant  cannot  be  handled,  for  the  sake  of  comparisons  and  experiments, 
with  the  same  facility  with  which  we  can  treat  lights  of  a  more  regular  char- 
acter. Hence,  beyond  its  use  as  a  mere  verbal  standard  of  power,  we  may 
dismiss  this  form  of  lighting  altogether. 

In  England,  however,  as  the  expression  "candle-power"  (C.P.)  has  reached 
a  somewhat  similar  position  in  the  comparison  of  intensities  of  light  to  that 
possessed  by  Carsel's  lamp  in  France,  I  may  as  well  state  here  that  this 
standard  was  originally  derived  from  a  spermaceti  candle,  consuming  1 20  grains 
per  hour,  and  that  all  relative  tests  are  made,  not  directly  by  measuring  the 
relative  intensities  of  the  flames,  but  by  gauging  the  relative  depths  of  the 
shadows  thrown  by  them. 


LIGHTING. 

Mineral  burning  oils,  usually  purchased  under  such  names  as  "  Daylight", 
"  Sunlight",  "  Kerosene",  Ac.,  are  formed  from  the  differently-refined  products 
of  petroleum  and  shale  oils.  By  "petroleums"  are  usually  meant  such  oils  as 
are  obtained  from  springs,  in  their  crude  or  liquid  form,  while  the  shale  pro- 
ducts are  those  distilled  from  oil-producing  turf  and  rocks;  although  the  word 
"petroleum"  is  usually  applied  to  the  former,  and  "paraffin"  to  the  latter,  we 
may  really  look  upon  these  names  as  mere  British  trade -distinctions.  The 
word  "  kerosene",  which  was  formerly  used  to  distinguish  a  particular  brand  of 
Russian  oil,  is  now  applied  to  mineral  burning  oils  generally,  at  least  to  such  of 
them  as  are  suitable  for  burning  with  wicks.  Kerosene  is  a  colourless  liquid, 
insoluble  in  water,  lighter  than  water  (upon  which  it  will  therefore  float),  and 
usually  |Kxsse.sses  a  well-defined  blue  fluorescence.  Good  kerosene  may  also 
attain  a  yellowish  tint,  but  this  should  not  be  too  pronounced,  as  it  would  point 
to  the  presence  of  heavier  oils,  which,  to  be  consumed  satisfactorily,  would 
require  a  wick  of  looser  texture  than  that  employed  for  the  finer  samples.  It 
should  IK?  noticed,  however,  that  the  yellow  appearance  may  be  caused  simply 
by  undue  exposure  to  li<;lit. 

In  England,  all  Government  requirements,  regulating  the  storage,  trans- 
portation, Ac.,  of  burning  oils,  are  regulated  by  what  is  known  as  their 
••flashingr-point".  This  is  simply  the  degree  of  heat  at  which  the  oil  begins  to 
give  off  sensible  quantities  of  inflammable  vapour.  This  method  of  deciding 
the  inflammability  of  oil  is  far  superior  to  the  method  still  much  in  vogue  in 
America,  where  the  "  burning-point",  or  temperature  at  which  an  oil  ignites 
bodily,  is  considered  sufficiently  reliable  for  ordinary  purposes.  As,  however, 
the  burning-point  depends  very  largely  on  surrounding  circumstances, — such  as 
the  pouring  of  the  oil  over  a  broad  porous  surface,  when  it  will  ignite  much 
more  easily, — such  a  standard  gives  little  idea  of  the  nature  of  the  oil. 

In  the  case  of  cold  kerosene,  neither  the  oil  nor  its  vapour  ignites  on  the 
application  of  a  light.  In  the  case  of  lamp-explosions,  such  vapour  must  have 
been  given  off  at  a  higher  degree  of  temperature  than  the  flashing-point  of  the 
oil  (probably  through  heat  conducted  by  the  body  of  the  lamp),  when,  of  course, 
such  vapour  becomes  explosive.  In  England,  as  the  result  of  numerous  com- 
parative experiments  made  with  two  forms  of  apparatus,  of  which  that  known 
as  the  "  close  test"  is  the  one  usually  employed,  the  flashing-point  of  "  petro- 
leums", as  kerosenes  are  termed  in  the  statute -book,  has  been  fixed  by  law 
at  73°  Fahrenheit.  This  standard,  though  considered  by  some  to  l>e  too  fine 
owing  to  the  best  of  the  American  oils  being  kept  for  home  consumption, 
does  not  really  affect  the  better  qualities  of  the  kerosene  imported  into  this 
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country,   of   which   the   flash-point   is   not   usually   leas  than    100*   to    120* 

Fahrenheit. 

Russian  oils  give  a  steadier  light  than  American,  as  they  do  not  seem  to 
possess  the  same  mixture  of  light  and  heavy  constituents,  which  usually  cause 
the  American  oils  to  burn  at  first  with  their  greatest  brilliancy,  gradually 
diminishing  as  the  oil  in  the  reservoir  decreases  and  the  heavier  portion  is 
reached.  Russian  oils,  however,  though  steadier,  never  give  as  much  light. 

Owing  to  such  variations  in  the  density  of  kerosenes,  it  will  be  seen  that 
great  care  should  be  exercised  in  the  choice  of  wicks,  for,  especially  in  the  case 
of  the  heavy  oils,  a  wick  of  loose  and  pliable  texture,  such  as  is  generally 
made  from  long-staple  American  cotton,  is  infinitely  preferable  to  others  of  a 
harsher  nature. 

In  the  consideration  of  oil-burning  as  an  illuminant,  *we  enter  upon  the  most 
dangerous  phase  of  lighting.  From  the  most  recent  experiments  by  experts, 
it  would  seem  that,  from  a  representative  collection  of  ordinary  oil -lumps 
purchased  in  England  and  subjected  to  rigorous  tests,  those  considered  as 
dangerous  or  unsafe  reached  the  extraordinary  total  of  90  per  cent  of  those 
taught.  From  the  list  of  casualties  published  by  the  Public  Control  IVjart- 
ment  of  the  London  County  Council,  we  see  that  in  1894  the  fire-brigades 
were  called  to  no  less  than  448  fires  in  the  metropolis  alone,  all  of  which 
were  ascribed  to  oil-lamp  accidents.  Of  this  number  337  were  caused  by  the 
upsetting  of  lamps,  while  only  90  were  brought  ataut  by  explosions.  Thus 
it  seems  that,  in  the  use  of  oil-lamps,  the  danger  most  to  ta  feared  is  that 
occurring  through  the  leakage  of  oil  from  the  reservoir  after  upsetting,  and  this 
we  find  from  the  most  recent  statistics  is  caused  by  lamps  being  built  of  fragile 
material,  burners  being  attached  by  screws  whose  threads  are  of  an  imj>erfect 
nature  (or  on  which  there  are  no  threads  at  all),  and  by  sconces  holding 
wicks  of  imperfect  fit,  thus  allowing  an  outlet  through  which  the  oil  may  flow. 
On  the  other  hand,  explosions,  which  would  seem  to  ta  of  much  less  frequent 
occurrence,  are  chiefly  caused  through  the  vapour  in  the  reservoir  becoming 
inflammable,  on  account  of  the  temperature  of  the  oil  having  exceeded  its 
flashing-point,  this  being  generally  due  to  heat  being  conducted  through  the 
body  of  the  lamp  from  the  burner.  It  would  seem,  therefore,  that  the  material 
of  which  the  reservoirs  are  composed  should  l>e  of  non-heating  capacity,  but  as 
this  would  result  in  their  being  constructed  either  of  glass  or  porcelain,  it  would 
lead  to  a  worse  evil,  namely,  having  an  apparatus  of  a  fragile  nature. 

A  g-ood  lamp  will  fulfil  the  following  conditions*— 

1.  It  will  be  made  of  a  material  not  easily  broken. 
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2.  Such  material,  if  of  metal  or  other  heat-conducting  substance,  will  be 
insulated  from  the  burner  by  the  use  of  as  long  a  neck  as  possible. 

3.  The  actual  burner  will  be  continued  in  the  form  of  a  tube  containing  the 
wick  to  within  a  very  short  distance  from  the  bottom  of  the  reservoir,  thus 
preventing  both  the  falling  of  a  hot  wick  into  the  oil,  and  the  ignition  of 
vapour  through  contact  with  it. 

4.  The  reservoir  will  be  made  to  clip  into,  and  not  be  loosely  borne  by,  the 
sconce  or  cup  into  which  it  fits. 

5.  If  the  lamp  be  a  high  one,  its  stand  or  pedestal  will  be  heavily  weighted 
with  lead  at  the  bottom. 

6.  The  burner  will  lx?  screwed  on,  and  not  merely  cemented  or  riveted,  and 
such  screw  will  be  composed  of  a  good  thread  for  at  least  four  complete  turns 
round  the  neck  of  the  reservoir. 

In  the  actual  use  of  the  lamp,  great  care  should  be  taken  that  only  a  tig-htly- 
fltting-  wick  is  used;  especially  is  this  the  case  with  round  burners,  into  which 
only  endless  wicks,  or  those  perfectly  cylindrical  in  shape,  should  be  fitted  in 
order  to  avoid  the  escape  of  oil  previously  referred  to. 

From  careful  comparison  with  other  illuminants,  it  would  seem  that  oil  takes 
a  hi«;h  place  on  account  of  its  comparatively  slight  contamination  of  the  sur- 
rounding atmosphere  by  carbonic  acid  and  other  gases.  Its  heating  effects  are 
equally  low,  though  of  course  in  brilliancy  it  has  been  far  superseded  both  by 
electricity  and  the  most  modern  forms  of  gas-burners.  The  approximate  cost  of 
using  a  typical  oil-lamp  is  somewhat  similar  to  that  of  an  Argand  gas-burner, 
as  shown  by  the  following  table,  in  which  oil,  gns,  and  electricity  are  compared: — 

TABLE  XXXVIII. 
COMPARISON  OF  THE  COST  OF  ILLUMINANTS.1 


: 

Pric*. 

Burner. 

Candle-power. 

Ain»unt  of  illimii- 
uant  consumed 
per  hotir 

Co»t  per  C.P. 
per  hour.  In  pence. 

Oil. 

&l.  per  gallon   ) 

LM&D 

16 

2'08  OZS. 

0084 

Gas,         ..{ 

-  7  ms.  1  1  ors.  / 
2*.  64  per  1000 
cub.  ft. 

Ordinary 
Bray  gas-burner 
Argand  burner 

\        9-6 
15-8 

6  cub.  ft 
4-5  cub.  ft. 

•0187 
•0085 

f  Welsbach  incan- 

\        *>0 

4  cub  ft 

•006 

Electricity, 

'2-1.  per  unit 

;  ' 

\  descent  burner 
{Electric  incan- 
deflcent  lamp 
do 

}    '• 

16 

60  watte 
do 

0075 
O15 

1  The  following  table,  tramlated  for  this  work  from  the  Handbwh  der  Prnktiteh™   Otwrbthygiene  (Berlin, 
1896).  bat  •Jtgblly  altered  in  arrangement,  goe*  more  fully  into  th«  comparison  of  illumin*nU,  including  not  only 
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Bracket,  pendent,  and  table  oil-lamps,  especially  the  more  expensive  kinds, 
generally  have  their  reservoirs  resting  in  cup-ahajied  sconces  of  more  or  less 
elaborate  workmanship,  and  fitting  therein  very  loosely  to  allow  of  their  ready 
removal ;  this  constitutes  a  source  of  considerable  danger.  While,  however,  the 
brackets,  pendants,  Ac.,  vary  greatly  in  form  and  construction,  the  types  of 
lamps  used  for  them  vary  very  slightly.  Hand-lamps  are  usually  safer,  as  the 
handles  are  almost  universally  attached  direct  to  the  reservoirs,  thus  adding 
greatly  to  their  stability,  and  as  the  reservoirs  are  usually  constructed  with 
much  broader  bases  than  other  kinds  of  lamps.  . 

In  conclusion  may  l>e  noticed  the  two  most  common  methods  of  suspending: 
and  elevating-  lamps,  the  apparatus  being  fitted  either  direct  to  the  lamps,  or 
(more  frequently)  to  the  cup-shaped  holders  alx>ve  described.  The  method  most 
frequently  in  use  Is  constructed  somewhat  in  the  form  of  a  pair  of  scales,  having 
a  long  lever  suspended  by  a  chain  from  the  ceiling  in  such  a  manner  that  a  lamp 
fixed  to  one  end  balances  a  weight  on  the  other;  when  the  lamp  is  pulled  down 
the  balance-weight  goes  up,  maintaining  that  position  until  the  lamp  in  again 
moved.  This  apparatus  has  also  a  circular  horizontal  movement,  allowing  the 
lamp  attached  to  be  swung  round  in  a  circle  of  al>out  G  feet.  The  other 
apparatus  consists  of  a  small  metal  case  hung  to  the  ceiling,  and  containing  a 
thin  steel  ribbon,  which  is  acted  on  by  a  spring  adjusted  to  a  tension  corre- 
sponding to  the  weight  of  the  lamp,  by  means  of  a  thumb  screw;  the  lamp, 

the  question  of  coot  but  also  the  important  question  of  the  product*  of  cotnUwtkm.  It  will  be  noticed  that  the 
round-wicked  oil-lamps  are,  according  to  the  figurwt  in  the  table,  tin-  nvmt  economical  form  of  lighting,  while  UM 
Regenerative  and  Argand  gas-burners  are  U.th  cheaper  than  electric  g)ow-lam|M.  The  WrW»<-h  inrandcacpnt  g»»- 
burner  does  not  appear  to  have  btt-n  tested  ;  it  would  undoubtedly  have  nhown  nvm  eeuuuniiral  rwmlu  than  any  of 
the  other  burners  mentioned.  Of  course,  the  product*  of  combuMtion  must  lie  considered  a*  well  a*  the  cart,  and  it  m 
in  this  respect  that  electricity  pomeme«  the  grvata*t  merit,  and  that  the  ordinary  baUwmg  ga»  burner  aoow*  to  UM 
greatest  disadvantage.— £l>. 

TABLE  XXXVIIlA. 

GENERAL    COMPARISON    OF    ILLrMINANTS. 


IllumiiKint. 

How  burnt. 

OMMompUo*  U» 
i.iiutn  •  light  of  100 
candle-  po««n  per  boor. 

OMtyvr 
boor  In 

Prodort 

•qMl 

w*urte 
K* 

• 

fi-loru 

ii..-. 
unlU 

Electricity.  

Arc  lamp.      

•09  -  -25  hone-pew 

•6-1-44 

... 

•  .  . 

100 

Incandwwtit  lamp, 

•46  -'85 

:  - 

... 

.— 

100 

Oft*. 

/  Siemens'  Kegenera*  \ 

'35  -  '56  cub,  tMtm 

•72-1-20 

... 

1^00 

Argand  burner,    ... 

•8-2-0        „       

1-74 

•86 

•46 

:  ' 

Ratawtng  burner.... 

2-0-8-0        „      

4-SS 

2*14 

M4 

' 

Petroleum,  

/  Round   or   "aolar"  ) 

I           ,.  ,,.L-                                         1 

•28kilof.    

•60 

17 

•45 

Flat  wick  

•«o  „ 

1-29 

•80 

•96 

' 

Refined  Oil 

Round  wick,  

•28    „ 

•64 

•17 

•45 

S.S60 

Flat  wick,  

•60    

1*1 

- 

•90 

:  - 

•50    „        

4-96 

•52 

•61 

OM 

Htoarin* 

Candle,   

•90    

19-92 

1-04 

1-30 

9.000 
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being  fastened  to  the  end  of  the  ribbon,  remains  suspended  at  any  distance  to 
which  it  may  be  pulled  from  the  ceiling. 


CHAPTER  II. 
ELECTRICITY:  DEFINITIONS. 

At  the  outset  it  is  necessary  to  define  a  few  of  the  technical  terms  in  use 
among  electricians. 

Volts,  Voltage,  Electro-motive  Force,  Potential, — all  signify  pressure;  just  as 
water  is  delivered  at  so  many  "Ibs."  pressure,  electricity  is  delivered  at  so 
many  "volts"  pressure. 

Ampere  and  Current  lx>th  signify  quantity;  as  in  speaking  of  water,  one 
would  say  so  many  gallons,  so  in  speaking  of  electricity,  one  would  say  so  many 
amperes,  and  to  combine  the  expressions  of  pressure  and  quantity,  one  would  say, 
for  instance,  10  amperes  at  100  volts. 

Watts  are  the  product  found  by  multiplying  amperes  and  volts  together; 
for  example,  100  volts  multiplied  by  10  amperes  represent  1000  watts,  which  is 
a  certain  amount  of  electrical  energy.  If  a  battery  were  described  as  giving 
1000  watts  at  (say)  50  volts,  the  current  could  be  ascertained  by  dividing  the 
1000  by  50,  the  result  in  amperes  being  20.  So  any  quantity  of  energy, 
described  by  so  many  watts,  can  be  expressed  in  volts  and  amperes,  provided 
the  quantity  of  either  of  these  latter  is  known. 

Ohm  is  the  term  used  to  express  the  resistance  offered  in  any  electrical  circuit. 
This  resistance — to  use  again  the  analogy  of  water — may  be  compared  to  the 
resistance  offered  by  a  pipe  to  a  quantity  of  water  passing  through  it. 

In  order  to  illustrate  the  meaning  of  these  terms,  we  will  take  one  example 
comprising  them  all,  using  the  analogy  of  water  again  to  prevent  any  misunder- 
standing. If  100  gallons  of  water  at  a  pressure  of  50  Ibs.  are  passing  through 
a  pipe  offering  a  certain  resistance,  the  100  gallons  multiplied  by  the  50  Ibs.  give 
a  force  of  5000  pound-gallons,  or  a  definite  amount  of  energy,  from  which,  how- 
ever, the  resistance  offered  by  the  pipe  remains  to  be  taken ;  so,  with  electricity, 
we  can  have  100  amperes  at  a  pressure  of  50  volts,  passing  through  a  certain 
resistance,  and  the  100  amperes  multiplied  by  the  50  volts  show  a  force  of 
5000  watts,  or  a  definite  amount  of  energy,  while  the  positive  side  of  the 
resistance  will  be  that  at  which  the  current  enters,  and  the  negative  side  that 
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at  which  it  leaves,  or  to  which  the  energy  of  the  current  hat  bean  reduced  or 
exhausted. 

All  calculations,  such  as  those  above  given,  follow  a  rule  known  as  Ohm's  law, 
which  is  a  rule  for  ascertaining  any  one  of  the  three  quantities,  if  the  other  two 
are  known.  Let  C  =  current,  E  »  electro-motive  force  (usually  abbreviated  to 
E.M.F.),  and  R  =  resistance,  then 

C"R'  R"C'  andE-RxC- 

As  an  example,  we  will  suppose  that  a  current  at  an  E.M.F.  of  50  volte  la 
passing  through  a  resistance  of  5  ohms,  and  that  it  is  desired  to  know  the 
quantity  of  that  current;  this  is  ascertained  by  merely  dividing  the  50  volts  by 
the  5  ohms,  which  gives  the  result  of  10  amperes.  Similarly,  the  resistance 
or  the  electro-motive  force  can  be  ascertained  if,  in  each  case,  the  other  two 
quantities  are  known. 

The  tenns  " positive"  and  "negative"  refer  to  the  direction  of  the  current, 
the  former  being  often  designated  by  the  sign  + ,  and  the  latter  by  the  j*ipn  — . 


CHAPTER    III. 
ELECTRICITY:    GENERATION   AND  STORAGE. 

The  simplest  method  of  obtaining  current  in  practical  form  for  electric 
lighting  is,  no  doubt,  the  primary  battery,  but  owing  to  the  small  amount  of 
energy  obtainable  from  a  battery  of  reasonable  dimensions,  the  unpleasant 
process  of  cleaning  and  renewing,  and  the  somewhat  great  expense  of  main- 
tenance, I  do  not  purpose  to  consider  it  in  detail.  Many  forms  of  lotteries 
have  been  put  upon  the  market,  especially  during  the  last  few  years,  some  of 
them  showing  very  great  ingenuity,  but  all  with  which  I  have  come  in  contact 
have  at  least  one  of  the  above-mentioned  disadvantages  to  a  sufficiently  marked 
extent  to  condemn  them  for  electric  lighting  on  an  extensive  scale. 

The  dynamo,  which  has  made  such  rapid  strides  towards  perfection  since  it 
became  recognized  as  a  commercial  article  about  eighteen  years  ago,  is  the  means 
now  almost  invariably  adopted  for  obtaining  electric  current.  It  can  be  best 
explained  by  reference  to  a  steel  magnet,  which  is  merely  a  piece  of  tempered 
steel  magnetized  (originally  by  a  lodestone),  and  is  generally  either  straight  or 
of  horseshoe  pattern.  Between  the  poles  of  a  magnet  there  are  always  a  number 
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of  "  lines  of  force  ",  which  the  accompanying  illustration  will  make  clearer  than 
any  description.  This  illustration  was  obtained  by  placing  the  small  magnet 
shown,  upon  a  table,  and  then  covering  it  with  a  piece  of  cardboard  having  upon 

— — |        its  surface  a  quantity  of  iron   filings, 

/•'••'••«  I 

which    immediately    placed    themselves 

as  seen.  Any  magnetical  metal  coming 
within  the  range  of  these  lines  of  force 
will  be  attracted  to  the  matter,  and  will 
itself  carry  some  of  the  lines  and  become 
a  magnet.  Any  non-magnetical  metal 
will,  of  course,  be  quite  unaffected  as  far 
as  magnetism  is  concerned. 

But  supposing  we  inserted  and  rotated  in  the  lines  of  force  between  the  poles 
Oi  a  magnet,  a  ring  of  copper  (such  as  a  key  ring),  there  would  be  induced  in 
the  copper  ring  an  electric  current  of  minute  quantity.  This  phenomenon  of 
induction  would  IK»  produced  without  any  friction,  or  any  treatment  beyond  its 
rotation  within  the  limits  of  the  lines  of  force.  It  will  at  once  be  seen  that,  by 
having  a  powerful  magnet  and  many  large  coils  of  wire,  a  powerful  current  could 
be  produced,  and  this  fact  has  been  taken  advantage  of  in  the  dynamo,  which  is 
nothing  more  than  a  magnet,  with  coils  revolving  in  the  lines  offeree  created. 

A  dynamo,  however,  has  not  a  magnet  such  as  that  just  descritad  (which 
is  known  as  a  permanent  magnet),  but  has  what  Is  known  as  an  electro-magnet 

— shown  in  fig.  611, — as  this 
can  be  produced  more  strongly 
and  cheaply  than  a  permanent 
magnet,  and  offers  other  advan- 
tages which  will  be  seen  here- 
after. There  is,  however,  no 
difference  between  a  permanent 
magnet  and  an  electro-magnet, 
as  far  as  the  lines  of  force  are 

,  ,  .       .     . 

concerned,  and  so  the  principle 
remains  the  same.  An  electro-magnet  differs  rrom  a  permanent  magnet  in  that 
it  U  not  made  of  hard  steel,  but  of  soft  iron, — and  sometimes  soft  steel, — and 
na«  wound  upon  it  many  turns  of  insulated  copper  wire,  through  which  a  current  is 
passed,  which  renders  the  iron,  a§  long  as  the  current  passes,  strongly  magnetic. 
The  coils  which  revolve  in  the  lines  of  force  of  such  a  magnet  are  termed 
the  armature.  This  armature  generally  consists  of  a  number  of  discs  of  thin 
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charcoal  iron,— each  with  a  hole  in  its  centre  concentric  with  ita  circumference, 
-which  are  slipped  upon  a  steel  shaft,  and  upon  the  periphery  formed  by 


Fig.  «12. -Shaft,  with  Dtec*  In  Petition,  forming  Armature. 


Fig.  «11- Armature  Partlall)  w  ..and. 


these  plates  are  laid  the  insulated  copper  wires  forming  the  coils,  which  are  to 
revolve  between  the  poles  of  the  magnet. 

These  coils  are  connected  to  a  number  of  copper  plates  on  edge,  radiating 
from  the  shaft,  as  shown  in  fig.  614,  and  separated  from  one  another  by  insula- 
tion of  some  sort,  preferably  mica.  The  copper  plates  form  what  is  known 
as  the  commutator.  Upon  this  commutator,  at  diametrically  opposite  point*, 
brushes  are  brought  to  bear,  which 
collect  the  current  as  it  is  generated 
in  the  coils  revolving  between  the 
pole-pieces. 

As  I  nave  mentioned,  the  electro- 
magnets of  a  dynamo  require  a  cur- 
rent to  be  passed  round  them,  to 
enable  them  to  give  the  required 
lines  of  force.  This  current  is  obtained  from  the  armature,  and  is  very  small 
when  compared  with  that  which  the  armature  is  capable  of  giving  out 

A  question  often  arises  in  the  student's  mind  as  to  how  it  is  possible  for  the 
dynamo  to  commence  work,  seeing  that  the  magnetism  of  the  poles  is  dependent 
on  the  current  in  the  armature,  and  the  current  in  the  armature  on  the  mag- 
netism of  the  poles ;  for,  as  above  described,  to  become  magnetic,  iron  must  have 
a  current  passed  round  it.  How  then  is  the  dynamo  to  start  itself? 

The  explanation  is  that,  no  matter  how  soft  the  iron  of  which  the  magnets 
are  made,  they  generally  retain  sufficient  residual  magnetism  to  cause  them,  to 
a  slight  extent,  to  act  as  permanent  magnets,  and  (without  the  winding  upon 
them  having  a  current  passed  through  it)  to  produce  a  sufficient  numU»r  of  lines 
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of  force  to  create  a  small  current  in  the  armature,  which  then  passes  through  the 
winding  upon  the  magnets,  and  strengthens  them  sufficiently  to  induce  more 
current  in  the  armature;  thus  the  machine  on  being  "started  up", — that  is  to 
say,  driven  by  an  engine, — gradually  "  builds  up ".  With  dynamos  having  a 
large  quantity  of  iron  in  their  magnets,  the  time  required  to  magnetize  the  poles 
and  "  build  up  "  the  machine  is  very  appreciable. 

Dynamo- builders  occasionally  produce  a  machine,  which,  on  being  driven  by 
an  engine  for  the  first  time  (to  test  it),  refuses  to  show  the  slightest  magnetism, 
and  it  is  then  necessary  to  magnetize  it  from  another  source,  perhaps  the  current 
from  a  battery,  or  from  another  dynamo  which  may  be  at  work  and  producing 
current. 

There  are  three  kinds  of  dynamos — "Scriex",  "Shunt",  and  "  Compound", 
which  are  all  built  in  various  patterns.  It  will  suffice  to  describe  simple 
diagrams  of  the  three  kinds,  as  the  theory,  which  will  be  readily  followed,  can 
be  applied  to  any  machine,  no  matter  who  the  builder  or  what  the  pattern. 

1.  The  "Series"  dynamo  is  so  culled  in  consequence  of  the  current  from  the 
anna tu re  passing  in  writ's  round  the  magnets  and  outer  circuit.     By  the  outer 

circuit  is  meant  the  path  which  the  current 
traverses,  after  leaving  the  machine.  Fig.  615 
shows  the  commutator  in  section  with  the 
brushes  bearing  thereupon.  By  following 
the  path  from  the  upper  brush,  it  will  l>e 
seen  that  the  current,  on  leaving  the  arma- 
ture, passes  through  the  wire  wound  on  the 
limbs  of  the  magnet,  and  then  proceeds 
through  the  external  circuit  and  back  to  the 
other  brush. 

In  this  particular  diagram  there  are  three 
paths  in  the  outer  circuit  through  which  the 
current  can  pass,  and  the  quantity  taken 
by  any  j>ath  will  depend  upon  its  resistance 
compared  with  the  resistance  of  the  others.  Naturally,  the  lower  the  resistance 
of  any  path  the  greater  will  be  the  current  through  it.  With  a  constant  pressure 
and  known  resistance  of  any  path,  the  current  through  it  can  be  calculated  by 
Ohm's  law,  an  already  described. 

2.  A  ••  Shunt "  dynamo  is  so  called  in  consequence  of  the  circuit  of  the 
magneto  offering  a  "  shunt "  path  to  the  external  circuit.     As  will  be  seen  from 
the  diagram  (fig.  616),  the  current  leaving  by  one  brush  can  go  direct  to  the 
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Fig.  616.—  Diagram  show- 
Ing  Shunt  Dynamo  and 
Circuit. 
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external  circuit,  and  return  therefrom  to  the  other  brush  without  having  to  go 
through  the  magnet-winding,  as  in  the  series  machine.  The  shunt  or  magnet- 
winding  also  offers,  similarly  to  the  external  circuit,  a  complete  path,  and  so 
the  current  also  passes  through  it.  Since,  then,  there  are  two  paths  for  the 
current  from  the  armature — viz.  the  external  circuit  and  the  magnetic-winding, 
—the  current  through  each  will  depend  upon  their  relative  rnrirtinoM,  and  the 
shunt-winding,  being  made  of  higher  resistance,  takes  only  a  little  of  the  energy. 

In  a  scries  dynamo,  all  the  current  that  pause*  from  the  armature  goat 
around  the  magnet,  and  the  wire  forming  the  magnet- winding*  must  therefore 
be  of  a  larger  section  than  that  on  a  shunt  machine,  which  only  requires  a  small 
quantity  of  current  to  pass  around  the  magnet.  For  the  purpose  of  explaining 
this  point,  we  will  suppose  that  we  have  a  series  and  a  shunt  dynamo,  each  of 
which  has  an  armature  with  wire  upon  it  of  sufficient  diameter  to  give  100 
amperes  with  a  certain  excitation  of  the  magnets.  Each  machine  require*  a 
certain  amount  of  excitation,  and  supposing,  in  the  case  of  the  .series  machine, 
that,  by  providing  50  turns  of  wire  on  the  magnet*,  the  100  ampere*  which 
must  pass  through  them  produces  the  amount  of  excitation  in  question,  that 
will  be  50  turns  multiplied  by  100  amperes,  or  5000  ampere-turns.  Now  a 
similar  number  of  ampere-turns  on  the  shunt  machine  will  give  in  it*  case  the 
excitation  required,  but  we  cannot  pass  100  ampere*  (the  total  current  from  the 
machine)  through  it.  So  we  take  a  much  finer  gauge  of  wire,  which  will,  with 
(say)  2000  turns,  offer  such  a  resistance  as  to  allow  only  2j  amperes  to  pass 
through  it,  when  it  will  be  found  we  have  a  similar  excitation  to  that  of  the 
series  machine,  since  2000  turns  multiplied  by  2j  amperes  =  5000  ampere-turns, 
or  a  similar  amount  of  exciting  energy. 

I  mentioned  above  that  the  armature  of  each  machine  gave  100  amperes, 
and  should  like  to  make  it  clear  that  the  limit  of  current  which  a  wire  will 
carry,  whether  on  an  armature  or  elsewhere,  is  that  amount  which  will  create  in 
the  wire  just  such  sufficient  heat  as  not  to  damage  its  insulation.  The  insulation 
may  eventually  suffer  without  the  heat  at  any  particular  time  appearing  exces- 
sive, but  upon  this  point  I  shall  be  able  to  say  more  later. 

Comparing  the  two  types  of  dynamo  described,  "  Series"  and  "  Shunt ",  we 
find  the  former  has  this  peculiarity:  that  the  more  the  paths  offered  to  the 
current  in  the  external  circuit,  or,  in  other  words,  the  less  the  resistance  of  the 
external  circuit,  the  greater  will  be  the  quantity  of  current  which  will  pass 
through  that  external  circuit,  and  consequently  through  the  magnet-winding. 
But  the  greater  the  quantity  of  current  through  the  magnet- wind  ing,  the  greater 
will  be  the  number  of  lines  of  force  created  to  act  upon  the  armature;  so  the 
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less  the  external  resistance,  the  stronger  the  machine.  To  see  this  plainly,  we 
have  only  to  turn  to  the  diagram  of  the  "  series "  dynamo,  and  cover  up  the 
external  circuit  with  a  piece  of  paper,  and  imagine  a  series  machine  without  any 
circuit,  when  it  will  be  obvious  that  no  current  can  pass  through  the  magnet- 
winding  at  all,  since  there  is  no  path  for  it  back  to  the  armature;  and  it  will 
also  be  obvious  that,  if  we  only  provide  an  external  circuit  of  very  high  resist- 
ance, only  a  little  current  can  pass  through  it  and  consequently  around  the 
magnet. 

Now  in  the  case  of  the  "  shunt "  dynamo,  unlike  the  "  series ",  the  less  the 
external  resistance  the  weaker  will  be  the  machine,  since  the  amount  of  current 
flowing  in  the  magnet  -  winding  and  the  external  circuit  depends  upon  their 
relative  resistances.  To  see  this  plainly,  if,  as  in  the  case  of  the  diagram  of  the 
"series"  machine,  we  cover  up  the  external  circuit  of  the  shunt  dynamo,  and 
imagine  it  without  any,  we  shall  see  that  the  magnet-circuit  alone  offers  a  path 
Iwu-k  to  the  armature,  and  will  consequently  take  all  the  current  it  requires; 
but,  on  our  providing  another  path,  the  current  in  the  magnet-circuit  will  be 
decreased;  hence,  the  machine  is  weakened  as  the  external  circuit  decreases  in 
resistance. 

Turning  again  to  the  diagram  of  the  series  dynamo,  if  we  were  to  join  the 
brushes  across  with  a  piece  of  copper  wire,  we  should  be  said  to  have  "short- 
circuited  "  the  armature,  since  the  current  would  take  a  shorter  path  than  that 
originally  provided  for  it.  Now  let  us  see  what  happens  rf  we  short-circuit  the 
terminals,  i.e.  the  two  points  at  which  the  external  circuit  commences.  We 
have  just  seen  that  the  lower  the  resistance  of  the  external  circuit,  the  stronger 
the  machine.  Here  is  a  case  where  the  external  resistance  is  practically  nothing, 
since  we  have  short-circuited  it;  the  machine,  therefore,  will  generate  current  to 
excite  the  magnets,  which  will  in  turn  produce  more  current,  and  the  amount  of 
current  produced  will,  under  such  conditions,  soon  burn  up  the  insulation  of  the 
armature-  winding. 

If  we  short-circuit  the  terminals  of  a  shunt  machine, — that  is  to  say,  if  we 
join  the  two  wires  across  as  they  leave  the  dynamo  on  the  external  circuit, — the 
result  is  very  different,  since  the  machine  will  no  longer  give  any  current  at  all. 
The  reason  being  that  we  have  also  short-circuited  the  magnet- wind  ing,  since 
both  magnet-winding  and  external  circuit  emanate  from  the  same  points,  the 
brushes;  whereas,  in  the  series  machine,  the  current  has  to  pass  through  the 
magnet-winding  l»efore  it  meets  the  external-circuit  wires. 

3.  The  Compound  Dynamo.  In  electric  lighting,  it  would  be  very  incon- 
venient to  have  a  dynamo  which,  when  driven  by  an  engine  running  at  a 
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constant  speed,  varied  its  power  and  pressure  according  to  the  quantity  of  light 

burning,  and  yet  this  is  what  happens  with  "series"  an«l 

"  shunt "  machines,  since  the  former  becomes  stronger,  and 

the  latter  weaker,  on  an  increase  of  current  being  required  in 

the  external  circuit.     In  order  to  avoid  this  inconvenience, 

the  compound-wound  machine  has  been  designed,  which,  as 

its  name   implies,  is   a  combination  of  the  "series"  and 

"shunt"  dynamos,  the  magnets  being  wound  in  l>oth  ways, 

and  in  such  a  proportion,  that,  although  the  resistance  of 

the  external   circuit  varies,  the   pressure  of  the   machine 

remains  constant    It  will  be  understood  from  the  diagram  of 

this  compound  machine,  fig.  617,  that,  on  the  external  circuit 

decreasing   in   resistance    through  more    lamps,  &c,,   being 

turned  on,  the  shunt-winding  weakens  the  magnets,  while 

that  of  the  series  strengthens  them,  and  so  a  balance  is  kej>t. 

If,  with  a  shunt  machine,  constant  pressure  should  IKJ  necessary,  it  could  l>e 
obtained  by  regulating  the  resistance  of  the  magnet-winding  to  suit  the  resist- 
ance of  the  external  circuit.  For  in- 
stance, supposing  the  external  circuit 
were  to  decrease  in  resistance  as  we 
have  seen,  less  current  would  traverse 
the  magnets,  and  so  the  machine  would 
become  weaker.  But  if  the  resistance  of 
the  magnet-winding  could  be  decreased 
also,  the  amount  of  current  round  the 
magnets  would  be  maintained.  To  effect 
this  adjustment  of  the  magnetic  winding 
on  a  machine  giving  100  volts  at  (say) 
1200  revolutions  per  minute,  the  magnet- 
winding  should  be  cut  and  an  adjust- 
able resistance,  such  as  is  shown  in 
fig.  618,  inserted;  that  is  to  say,  the 
current  traversing  the  magnet-winding 
would  have  to  traverse  the  resistance- 
frame  before  proceeding  through  the  re- 
mainder of  the  winding. 

The  resistance  in  circuit  with  this  winding  would  depend  upon  the  position 
of  the  movable  switch-lever,  which  is  so  arranged  that,  by  moving  it  over  the 
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different  studs  on  the  frame,  any  number  of  resistance-springs  can  be  thrown  in 
or  taken  out  at  will.  If  the  switch-lever  is  drawn  over  to  the  left  as  far  as  the 
first  stud,  the  whole  resistance  is  short-circuited,  since  the  current  enters  at  the 
left-hand  terminal,  and  passes,  by  way  of  the  first  left-hand  stud,  through  the 
switch-lever  and  the  right-hand  terminal,  without  having  been  through  any  of 
the  resistance-springs.  If,  however,  the  lever  is  drawn  on  to  the  right-hand 
stud,  the  current  will  have  to  traverse  all  the  resistance-springs  before  arriving 
at  the  left-hand  terminal. 

With  such  a  dynamo  and  resistance- frame,  if  the  machine  is  driven  at  (say) 
an  extra  50  revolutions  per  minute,  making  1250,  at  which  perhaps  it  would 
give  105  volts,  sufficient  resistance  should  be  inserted  to  reduce  this  voltage  to 
100  us  originally  required.  Again,  on  the  voltage  dropping  through  the  external 
resistance  decreasing,  a  little  resistance  could  be  cut  out  to  bring  it  up  to  100 
again;  and  similarly,  on  the  voltage  increasing  through  lamps  being  turned  oft', 
resistance  could  be  inserted. 

These  resistances  are  frequently  used  in  the  shunt -winding  of  compound 
dvnainos,  as  well  as  in  plain  shunt  machines,  because,  although  a  compound 
machine  should  regulate  itself  to  within  about  two  volts  of  full  load  on  "  open 
circuit"  at  a  constant  speed,  yet,  in  many  instances,  the  speed  of  the  engine 

• 

cannot  l»e  "  governed  "  thus  constantly. 

A  resistance-frame  is  frequently  fitted  with  an  electric  device,  by  which  it 
automatically  adjusts  the  potential  of  the  dynamo;  when  the  E.M.F.  drops,  the 
apparatus  moves  the  lever,  or  its  equivalent,  in  such  a  way  as  to  automatically 
short-circuit  certain  of  the  resistance-springs,  thereby  bringing  the  pressure  up 
again.  Such  an  appliance  is  called  an  automatic  dynamo-regulator  or  resist- 
ance. 

Of  the  three  types  of  dynamos  mentioned,  series  machines  are  little  used 
except  for  the  lighting  of  arc  lamps,  themselves  in  series, — that  is  to  say,  the 
current  from  one  terminal  of  the  dynamo  traverses  every  lamp  in  succession,  and 
then  returns  to  the  other  terminal.  For  transmission  of  power,  and  for  charging 
accumulators,  shunt  dynamos  are  principally  used;  also  for  the  generation  of 
current  in  electric-light  stations  or  works,  as  they  readily  allow  of  l>eing  joined 
in  "  parallel ",  that  is  to  say,  two  or  more  such  machines  can  be  connected  to 
one  external  circuit,  by  connecting  all  their  terminals  on  one  side  to  one  wire  of 
the  external  circuit,  and  all  their  terminals  on  the  other  side  to  the  other  wire. 
The  dynamos  would  require,  in  such  an  arrangement,  to  be  all  of  similar 
potential  or  voltage,  and  supposing  the  potential  of  each  were  100,  the  total 
potential  would  be  100.  The  current,  however,  from  the  combined  machines 
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would  be  the  sum  of  all  the  currents;  if  there  are  five  machines,  each  generating 
100  amperes,  the  total  will  be  500  ampere*. 

I  have  throughout  spoken  of  the  current  leaving  one  terminal  of  a  dynamo, 
flowing  through  the  external  circuit,  and  returning  through  the  other,  and  I  may 
here  point  out  that  the  terminal  at  which  it  leaves  is  called  "positive  ",  and  that 
at  which  it  returns  is  called  "  negative ",  the  former  being  often  designated  by 
the  sign  +  ,  and  the  latter  by  the  sign  — .  The  question  as  to  which  terminal 
will  be  positive,  on  a  dynamo  being  taken  to  the  testing-room  to  be  run  for  the 
first  time,  is  decided  by  the  way  it«  ironwork  has  become  magnetized,  and  so, 
unless  precautions  are  taken,  it  is  a  mere  chance  which  is  positive;  should  the 
right  limb  of  the  magnets  become  the  "  North  "  pole,  and  the  left  the  "  South  " 
pole,  the  machine  could  l>e  "  reversed  ",  as  it  is  termed,  by  reversing  the  mag- 
netism of  the  poles.  This  could  lie  done  by  reversing  the  current  through  the 
shunt-winding  of  the  magnets. 

In  speaking  above  of  shunt  dynamos  )>eing  connected  in  iwrallel,  it  should 
be  understood  that  the  "  positive "  of  each  machine  would  constitute  the  one 
side  mentioned,  and  the  "  negative". the  other  side. 

Since,  as  I  have  shown,  the  polarity  of  a  dynamo  can  l»e  reversed  by  reversing 
the  current  through  the  magnet-winding,  care  must  lie  taken  to  prevent  the 
polarity  of  one  of  a  numlier  of  machines  working  in  jxirallt-l  l>ecoming  reversed 
accidentally,  I>ecau8e  in  such  an  event  it  would  not  l»e  like  the  remainder, 
sending  current  in  one  common  direction,  but  would  l»e  acting  in  just  the 
contrary  manner;  the  reversed  machine  would  IK?  absorbing  current  given  out 
by  the  others  for  the  circuit.  Fortunately  n  shunt  machine  cannot  1*  so 
reversed,  since,  if  the  positive  brushes  of  two  machines  are  joined  together,  the 
shunt-windings  of  their  magnets  are  both  receiving  positive  current,  and  if  one 
machine  stopped,  the  other  would  still  be  supplying  positive  current  at  that 
point  into  its  magnet-winding.  Whereas,  with  series  machines,  if  one  machine 
stopped,  the  current  from  the  other  would  immediately  traverse  its  magnet- 
coils  in  the  opposite  direction  to  that  in  which  the  current  from  its  own 
armature  had,  a  moment  before,  been  passing,  and  the  magnets  would  become 
reversed,  necessitating  the  reconnecting  of  the  terminals.  It  is  for  this  reason  of 
immunity  from  reversing,  that  shunt  dynamos  are  used  in  works  for  generating 
electricity. 

Compound  machines,  being  partly  series- wound,  can  not  be  joined  in  parallel 
without  precautions  being  taken  too  complicated  to  mention  here. 

Either  series,  shunt,  or  compound  dynamos  can  be  joined  "In  series",  which 
means  that  the  current  from  one  machine  is  made  to  traverse  the  other  before 
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arriving  at  the  external  circuit  As  I  mentioned  just  now,  machines  in  parallel 
give  a  total  RM.F.  of  any  one  of  them,  and  a  current  of  all  their  currents  added 
together.  Machines  in  series,  however,  give  a  current  of  any  one  of  them,  and  a 
total  E.M.F.  of  all  their  RM.F/8  added  together. 

Machines  in  parallel  must  all  be  of  the  same  RM.F.  to  prevent  one  "  run- 
ning back  "  on  another;  they  can,  however,  give  varying  quantities  of  current. 
Machines  in  series  must  all  give  the  same  current;  otherwise  one  would  be  sub- 
jected to  a  greater  current  than  that  for  which  it  was  built,  since  the  current 
from  each  machine  passes  through  the  remainder. 

Compound  dynamos  are  chiefly  used  for  private  electric-light  installations, 
having,  as  1  have  described,  the  important  feature  of  maintaining,  with  a  con- 
stant speed,  a  constant  RM.F.  The  value  of  a  constant  pressure  is  recognized 
by  all,  since  the  fluctuations  in  the  light  given  by  incandescent  lamps  is  chiefly 
due  to  slight  variations. 

As  I  have  mentioned  transmission  of  power  above,  and  as  electric  power  is 
now  being  more  and  more  largely  used,  not  only  in  workshops  and  factories,  but 
also  in  houses  and  vehicles,  a  few  words  may  l>e  added  to  describe  its  theory. 
If  a  dynamo  be  driven  by  an  engine,  and  give  (say)  100  volts,  and  two  wires 
therefrom  be  taken  to  a  similar  machine  (called  the  "  motor"),  and  placed  in  its 
terminals,  the  motor  will  revolve  its  armature  at  such  a  speed  as  to  give  a 
counter  RM.F.  of  nearly  equal  quantity,  and  will  give  off  at  its  pulley  a  power 
nearly  equal  to  that  expended  upon  the  dynamo. 

Power- transmission  on  this  principle  has  l>eeu  largely  adopted  of  late.  In 
many  instances  where  manufacturers  have  boilers  supplying  a  large  number  of 
engines  throughout  their  works,  it  has  l>een  proved  most  conclusively  that,  by 
substituting  one  main  engine  driving  a  dynamo,  by  which  to  supply  with  current 
motors  in  the  place  of  the  engines  previously  used,  great  economy  is  effected, 
owing  to  the  avoidance  of  loss  by  radiation,  and  the  absence  of  small  steam- 
engines,  which  are  notoriously  not  economical.  The  principle  is  of  course  with- 
out rival  in  the  case  of  water-power  being  utilized  to  turn  a  turbine,  which  is 
coupled  to  the  dynamo.  In  some  instances  the  current  is  conveyed  to  a  motor 
many  miles  away. 

In  order  to  avoid  confusion  in  the  reader's  mind  I  have  hitherto  avoided 
mentioning  any  but  continuous  -  current  dynamos,  i.e.  those  generating  a 
current  flowing  continuously  and  uninterruptedly  in  one  direction.  There  are, 
however,  alternating-current  dynamos,  i.e.  those  generating  a  current  flowing  first 
ooe  way  and  then  the  opposite  way.  The  number  of  such  alternations  per 
second  mipht  be,  for  instance,  fifty,  so  that  one  can  imagine  the  pulsations  of 
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the  current  could,  at  such  a  "frequency"  or  "periodicity",  as  it  U  termed,  be 
hardly  noticed.  By  reducing  the  periodicity  sufficiently, — say  by  having  only 
ten  alternations  per  second, — the  pulsations  would  be,  in  many  instances,  dis- 
tinctly noticeable  to  the  naked  eye.  This  will  be  readily  understood  by  imagin- 
ing an  incandescent  lamp  lighted  by  a  "  continuous  "  current,  which  would  gift 
an  uninterrupted  light,  and  then  imagining  a  similar  lamp  lighted  by  an 
alternating  current.  This  alternating  current  would,  as  I  have  explained,  first 
pass  through  the  lamp  in  one  direction  and  then  in  the  other,  and  consequently, 
if  the  alternations  were  sufficiently  few  to  the  second,  there  would  be  a  distinct 
pause  at  each  reversal,  and  the  lamp  would  ut  each  such  moment  go  out,  or  have 
a  tendency  to  do  so.  For  lighting  purpose*,  therefore,  a  minimum  periodicity 
must  always  be  maintained 

An  alternating-current  dynamo  is  similar  in  principle  to  a  continuous-current 
dynamo,  with  the  exception  that  the  latter  has  a  commutator  which  commutes 
the  direction  of  the  current,  which  would  otherwise  alternate.  Turning  Iwick  to 
the  armature  previously  described  and  illustrated  in  fig.  G14,  page  239,  we  note 
that  the  wires  on  the  periphery  huve  current  induced  in  them;  and  as  these 
wires  pass  the  north  pole  of  the  electro- magnet,  the  current  is  induced  in  one 
direction,  and  as  they  pass  the  south  |>ole,  in  the  other  direction;  thus,  were  it 
not  for  the  commutator,  the  result  would  be  the  production  of  an  alternating 
current. 

The  commutator,  however,  has  the  effect  of  connecting  the  wires  to  the 
brushes  according  to  their  direction,  that  is  to  say  (turning  back  to  our  diagram 
of  the  shunt  dynamo,  fig.  616,  page  240,  and  calling  the  magnet  pole  on  the  right 
south,  that  on  the  left  north,  and  imagining  the  armature  to  be  revolving  in  the 
direction  of  the  hands  of  a  watch  when  looking  at  the  face),  the  current  in  a  wire 
coming,  during  a  revolution,  under  the  north  pole,  is  induced  in  a  direction  away 
from  the  reader,  and  is,  on  reaching  the  brush,  transmitted  to  the  circuit  in  that 
direction;  then  the  wire,  passing  on  between  the  poles  of  the  magnet,  becooMB 
electrically  idle,  and  on  passing  under  the  south  pole  has  a  current  induced  in  it 
in  a  direction  facing  the  reader,  and  this  current  is  transmitted  by  the  second 
brush  (which  it  has  by  this  time  reached)  to  the  circuit  in  that  direction,  i.e. 
opposite  to  the  former  direction ;  this  completes  the  production  of  a  continuous 
current,  since  the  current  from  the  south  -  pole  brush  should  flow  outwards 
through  the  circuit,  and  thence  back  into  the  armature,  entering  at  the  north- 
pole  brush,  which,  as  just  shown,  the  commutator  has  arranged  shall  have  the 
current  going  inwards. 

Continuous  and  alternating:  current  dynamos  have  each  their  proper  sphere 
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of  action.  The  former  are  by  far  the  more  convenient,  as  will  be  seen  later,  but 
the  latter  have  the  distinct  advantages  of  being  adaptable  for  very  high  pressures, 
which  would  not  be  feasible  with  the  continuous-current  dynamo,  owing  to  the 
difficulties  of  insulating  and  commuting  currents  of  more  than  moderate  pres- 
sures; they  can  also  be  used  with  transformers,  which  are  apparatus  to  trans- 
form the  nature  of  a  current,  as  I  will  proceed  to  describe,  without  the  necessity 
of  having  any  moving  part  in  such  transformer. 

I  have  previously  mentioned  that  electrical  energy  can  be  generated  at 
various  pressures  without  altering  the  value  as  energy;  for  instance,  one 
thousand  watts  can  be  represented  by  500  volts  and  2  amperes,  by  2  volts  and 
500  amperes,  1000  volts  and  1  ampere,  and  so  on,  all  of  them  representing  the 
same  amount  of  electrical  energy,  namely,  1000  watts. 

A  transformer  is  merely  an  apparatus  for  changing  energy  in  one  form,  to 
a  similar  quantity  of  energy  in  another  form.  Every  change  so  effected  must 
result  in  some  loss,  but  the  loss  in  changing  electrical  values  in  transformers  is 
very  small,  and  so  we  sjwak  of  transformers  l>eing  of  very  high  efficiency.  If 
wo  had  a  dynamo  giving  5000  volts  and  10  amperes,  it  would  l>e  an  easy  matter 
to  build  a  transformer  to  receive  the  energy,  and  give  it  out  in  any  form  we 
might  desire,  say,  500  amperes  and  100  volts.  Such  a  facility  is  very  useful  in 
electric  lighting,  as  it  permits  of  current  being  transmitted  to  a  distant  point  at 
a  high  tension,  and  there  changed,  by  passing  it  through  a  transformer,  to  a  low 
tension. 

To  explain  the  advantage  of  transmitting  energy  at  a  high  tension  and  then 
transforming  it,  I  must  first  descril>e  the  method  of  conveying  it,  which  I  need 
hardly  say  is  by  providing  for  it  a  metal  path. 

The  various  metals  offer  different  resistances  to  electricity,  and  consequently 
what  is  required  is  a  metal  which  offers  only  a  reasonable  amount  of  resistance 
combined  with  cheapness.  Copper  meets  the  requirements  of  the  case  generally 
better  than  any  other  metal,  and  is,  for  electric-lighting  purposes,  universally 
used.  For  the  comparatively  infinitesimal  currents  used  in  telegraphy,  iron  is 
frequently  employed,  although  its  resistance  is  many  times  as  great  as  that  of 
copper.  Silver  offers  less  resistance  than  copper,  but  of  course  the  price  is 
prohibitive.  The  greater  the  resistance  which  the  metal  offers  to  the  current, 
the  greater  is  the  heat  generated  by  the  electrical  energy  endeavouring  to  over- 
come it,  and  this  feature  is  often  made  use  of,  as  I  have  already  explained  in 
the  section  on  "  Warminjr  ami  Cooking  by  Electricity  ". 

As  a  standard  of  current-carrying  capacity,  a  square-inch  section  of  copper 
i*  recognized  as  capable  of  cam-ing  a  thousand  amperes.  This  standard  is  used 
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in  all  calculations  to  convey  to  one's  mind  the  quantity  of  current,  per  section 
of  uietul,  employed  in  any  particular  cane.  An  elrc  ni<-ian  would  know  that  the 
wires,  in  a  room  fitted  with  the  electric  light,  would  be  sufficiently  large  if 
arranged  on  the  l>a.sis  of  1000  amperes  to  the  square  inch,  hut  he  would  lx»  at 
once  dissatisfied  if  he  were  told  that  the  wires  were  loaded  with  current  to  the 
extent  of  4000  amperes  to  the  square  inch,  because  he  would  know  that,  upon 
such  a  basis,  there  would  be  sufficient  heat  generated  in  the  wires  to  damage  the 
insulation  covering  them,  the  heat  arising  from  the  energy  absorbed  in  fon-in^ 
the  current  through  such  a  size  of  wire. 

To  return  now  to  transformers,  the  advantages  of  which  I  have  to  explain. 
If  we  transmit  1000  amperes  at  a  pressure  of  100  volts  for  2  miles,  the  size  of 
cable  must  be  very  large  and  costly,  but  if  we  transmit  this  electrical  energy  of 
100,000  watts  at  a  pressure  of  10,000  volts,  we  shall  only  require  a  cable  to 
carry  10  amperes,  instead  of  1000,  and  the  cost  will  be  enormously  reduced. 
If  it  were  not  for  such  facilities,  the  transmission  of  energy  to  any  considerable 
distance  would  be  impracticable. 

The  alternating-current  transformer  itself  is  nothing  more  than  an  "  induc- 
tion" or  "shocking"  coil,  an  apparatus  which  is  frequently  seen  at  fairs  and 
such  places,  where   the  proprietor  will  allow  anyone  to   receive   a 
shock  for  the  sum  of  one  i>enny.     The  principle  is  very  simple:— 
If  some  turns  of  insulated  copper  wire  are  wound  upon  a  piece  of 
iron,    as   shown    in    fig.   619,  and    through    this    wire    (called    the 
primary  coil)  a  current  is  passed,  the  iron  will  become  magnetic, 
as  previously  described.     Now  if,  on  top  of  this  copj>er  wire,  .some 
more  insulated  copper  wire  is  wound,  called  the  secon<lat*y  coil,  a 
current  can  be  induced  in  it  from  the  coil  l»elow.     In  other  words, 
there  are  two  distinct  coils  wound  on  a  piece  of  iron,  and  if  we   n».«i«.-vto»«e 
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put  electrical  energy  in  one,  we  can  get  the  same  amount  (less  the 
small  losses  due  to  inefficiency)  out  of  the  other.  In  each  coil,  of  course,  the 
gauge  of  wire  is  arranged  to  suit  the  current,  and  if  we  require  to  transform 
down  from  a  high  tension,  as  is  generally  necessary  in  electric  lighting,  the 
primary  coil  would  consist  of  many  turns  of  fine  wire,  as  the  current  would  l>e 
small  and  the  pressure  high,  while  the  secondary  coil  would  l>e  of  thick  wire,  as 
the  current  would  be  great  and  the  pressure  low.  For  example,  if  2  amperes 
at  20  volts  are  passed  through  the  first  coil,  20  amperes  at  2  volts  can  be 
obtained  from  the  second,  so  we  shall  have  obtained  a  similar  amount  of  energy 
to  that  expended,  but  at  a  different  pressure. 

The  current  on  commencing  to  flow  in  the  primary  coil  induces  a  current  in 
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the  opposite  direction  in  the  secondary  coil,  and,  on  ceasing  to  flow,  leveraeo  the 
current  in  the  secondary  coil,  so  that  the  secondary  coil  gives  an  alternating 
current  If,  however,  the  current  in  the  primary  coil  were  to  be  continuous 
and  unintnrupted,  the  second  coil  would  not  continue  to  produce  an  induced 
current;  in  the  shocking  coils  referred  to,  the  primary  coil  is  fed  from  a  battery 
which  gives  a  continuous  current,  but  in  circuit  with  it  is  a  little  apparatus 
termed  an  interrupter,  and  at  each  interruption,  as  described  above,  a  current 
is  induced  in  the  secondary  coil  in  each  direction,  i.e.  alternating.  If  the  primary 
coil  were  fed  with  an  alternating  current,  the  interrupter  could  be  dispensed 
with,  and  nt  each  alternation  of  the  primary  current,  a  current  would  be  induced 
in  the  secondary  coil,  also  of  course  alternating  in  direction. 

Such  alternating-current  transformers  give  out  a  buzzing  sound,  in  conse- 
quence of  the  molecular  disturlwnce  caused  by  the  current  reversals. 

Continuous-current  transformers,  which  have  the  disadvantage  of  a  moving 
part,  ami  consequently  require  some  little  attention,  are  based  upon  the  principle 
of  the  electro-motor. 

If  n  dynamo  t>e  connected  to  a  second  dynamo  by  a  couple  of  wires,  and 
the  first  l>e  driven  by  an  engine,  the  current  it  produces  will  enter  the  second 
dynamo  and  cause  it  to  rotate,  when  it  is  called  a  motor.  The  reason  for  this 
rotating  is  simple,  as  the  current  from  the  first  dynamo  or  generator  enters  the 
armature  of  the  motor,  ami  magnetizes  it,  but  since  the  magnets  of  the  motor  are 
also  magnetized  by  the  same  current,  the  armature  is  repelled  round  from  the 
|K)les  of  the  magnets,  the  like  j>oles  repelling  one  another.  We  will  suppose  that 
this  motor  spindle  is  connected  to  a  third  dynamo  by  a  belt  Then  this  third 
can  l»e  made  to  generate  at  whatever  pressure  is  required.  So  the  first  dynamo, 
as  a  generator,  supplies  the  second,  which  absorbs  its  energy  and  rotates, 
driving  the  third  dynamo  as  a  generator.  If  the  first  were  wound  for  1000 
volts  and  10  amperes,  the  second  could  be  wound  to  receive  such  a  current, 
and  the  third  could  In?  wound  to  generate  (say)  100  volts  and  100  amperes. 

The  continuous-current  transformer  is  a  combination  of  the  second  and  third 
machines,  such  transformer  having  one  armature,  but  being  wound  with  two 
circuits,  each  with  its  commutator.  One  of  these  circuits  absorbs  the  energy 
from  the  first  generator,  and  the  other  generates  at  the  final  pressure  required. 

We  have  HO  far  considered  dynamos  as  the  chief  means  of  obtaining  current 

for  liffhtinp  purposes  but  have  not  gone  into  the  question  of  driving  them,  which 

a  matter  of  great  importance.     There  are  many  motive  powers,  such  as  the 

•team-engine,  gas-engine,  oil-engine,  and  water-turbine.     Of  these  a  selection 

should  lie  made  to  suit  each  individual  case.     Nothing  is  cheaper  than  water- 
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power,  provided  the  first  cost  of  utilizing  it  is  not  excessive;  after  this  steani- 
power  is  undoubtedly  the  cheapest,  if  the  steam  is  required  in  sufficient  quantity 
and  for  a  sufficient  length  of  time.  Gas  and  oil  engines  come  last  upon  the  list, 
when  the  favourable  circumstances  alluded  to  above  cannot  be  ensured,  but 
otherwise  they  are,  in  many  cases,  the  l>est  means  of  obtaining  power;  for 
instance,  where  the  power  is  required  in  only  small  quantities,  and  then  only 
occasionally. 

Accumulators  are  very  important  adjuncts  of  electriolightinj;  apparatus. 
They  are  not  necessarily  desirable  where  electricity  can  be  continuously  gener- 
ated, but  it  frequently  happens  that,  even  if  it 
can  be  continuously  generated,  it  is  at  such 
inconvenience,  or  causes  so  much  wear  and 
tear,  as  to  justify  the  use  of  accumulators. 

The  storage  or  accumulation  of  electricity 
is  effected  by  means  of  chemical  action;  and 
the  apparatus  employed,  in  its  crudest  form, 
would  consist  of  two  lead  plates,  submerged 
in  dilute  sulphuric  acid,  one  connected  to  the 
positive  pole,  and  the  other  to  the  negative 
pole,  of  a  dynamo.  On  a  current  of  electricity 
being  passed  from  one  plate  to  the  other 
through  the  liquid,  a  chemical  action  is  set  up, 
which,  on  the  charging  current  being  stopped, 
will  cause  the  cell,  as  it  is  termed,  to  give  back  the  energy  when  called  upon. 
A  view  of  an  accumulator-cell  in  common  use  is  given  in  fig.  G20.  A  cell,  when 
fully  charged,  will  for  a  very  short  time  give  2  volts,  and  when  exhausted  with 
working,  1*9  volts.  To  charge  a  cell,  2'5  volts  are  required.  The  inefficiency 
of  the  apparatus  is  at  once  apparent,  and  were  it  not  that  this  is  often  over- 
balanced by  the  advantage  of  being  able  to  obtain  a  small  amount  of  current 
throughout  a  long  period,  just  as  economically  as  a  large  amount  for  a  short 
period,  accumulators  would  be  avoided.  As  each  cell  gives  only  1*9  volts  when 
discharged,  a  large  number  in  series  are  required  to  form  a  battery  for  an  electric- 
lighting  circuit. 

On  charging  a  cell,  the  positive  plate — that  is  to  say,  the  plate  connected  to 
the  positive  terminal  of  the  dynamo — becomes  the  colour  of  wet  chocolate,  and 
the  negative  plate  that  of  slate.  The  deeper  the  chocolate  colour,  the  more 
thoroughly  charged  is  the  cell,  and  after  a  little  experience,  it  is  an  easy  matter 
to  decide  roughly  the  amount  of  charge  a  cell  possesses.  The  specific  gravity  of 
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the  dilute  acid  also  varies  with  the  charge,  and  by  means  of  a  hydrometer  this 
can  be  ascertained.     Thus  there  are  three  ways  of  determining  the  charge— 
Jtrttly,  by  the  colour  of  the  plates ;  secondly,  by  the  reading  of  the  hydrometer ; 
and  thinl/y,  by  the  E.M.F.  of  the  cell,  which  can  be  ascertained  by  means  of  a 
voltmeter,  as  will  be  hereafter  explained. 

As  I  have  said,  each  cell  gives  at  the  end  of  its  discharge  1  •  9  volts,  so  that  if 
an  K..M.F.  of  100  should  be  required,  53  accumulator-cells  in  series  would  be 
neceaeary.  By  the  expression  "  in  series"  is  meant  that  the  cells  should  be 
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joined  up  in  a  row  so  that  the  current  from  the  end  cell  must  pass  through  the 
rest — that  is  to  say,  the  positive  of  one  cell  must  be  connected  to  the  negative 
of  the  next,  and  its  positive  to  the  negative  of  the  next,  and  so  on,  as  shown  in 
fig.  621.  But  supposing  one  cell  gave  1'9  volts  and  10  amperes,  the  53  cells 
connected  in  series,  although  giving  a  pressure  of  1 00' 7  volts,  would  still  yield  a 
current  of  only  10  amperes.  If  the  same  number  of  cells  are  connected  in 
••  parallel "  or  ••  multiple",  we  should  have  a  different  result,  viz.  53  cells,  each 
giving  10  amperes -530  amperes,  at  T9  volts.  Connecting  "in  parallel"  is 
merely  joining  all  their  positive  terminals  together  on  to  one  wire,  nnd  all  their 
Btptibn*  on  to  another.  Each  cell  can  then  give  its  ten  amperes  to  the  circuit, 
but  the  pressure  between  the  two  wires  is  only  T9  volts,  since  the  voltage  has 
not  been,  as  in  the  previous  case,  augmented  by  the  cells  being  in  "series". 
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As  an  analogy  to  explain  the  above  more  clearly,  imagine  three  pipes  full  of 
water,  and  of  equal  dimensions,  say  100  feet  high  and  6  inches  in  diameter. 
Now,  if  we  join  these  "  in  series",  we  have  a  pipe  300  feet  high  by  6  inches 
diameter,  and  we  get  so  many  gallons  of  water  with  the  head  of  300  feet,  but  if 
we  join  these  side  by  side,  or  "  in  parallel",  we  only  get  a  third  the  pressure,  but 
we  have  three  diameters  of  6  inches,  each  giving  us  water. 

Although,  in  order  to  avoid  confusion,  I  described  cells  just  now  as  having 
each  only  two  plates,  they  generally  consist  of  many  such,  as  shown  in  figs.  620 
and  621.  The  number  of  plates  in  cells,  however,  is  determined  merely  by  the 
output  required.  If,  for  instance,  2  plates  give  10  amperes,  4  plates  would  give 
20  amperes,  and  so  on.  The  number  of  plates  is  increased  in  preference  to 
increasing  their  size,  as  the  latter  method  would  render  them  weaker.  No 
matter  how  many  plates  there  are  in  a  cell,  there  are  only  two  torminuLs,  all 
the  positive  plates  being  joined  together  "  in  multiple"  and  all  the  negative  "  in 
multiple",  usually  by  means  of  lead  lugs  cast  on  the  plate.s  and  fused  together. 
These  plates  are  interleaved,  so  that,  on  looking  into  a  cell,  one  sees  first  a  + , 
then  a  —  plate,  then  another  positive,  and  so  on.  There  is  always,  however, 
one  more  negative  plate  than  positive,  as  it  has  been  found  that  by  having  a 
—  plate  on  each  side  of  i\  +  plate,  the  positive  plates,  which  are  the  more 
delicate,  are  better  preserved. 

The  plates  of  accumulators,  to  be  commercially  useful,  must  be  strong,  and 
must  offer  large  surfaces  to  the  acid,  or  electrolyte  (as  it  is  sometimes  termed). 
In  order  to  achieve  this,  some  of  the  first  makers  take  a  solid  lead  plate  aliout 
half  an  inch  thick,  and  cut  or  cast  fine  grooves  in  it  on  each  side  to  the  depth  of 
(say)  one-eighth  of  an  inch;  others  take  a  ribbon  of  lead  about  half  an  inch  wide 
by  one-thirty-second  of  an  inch  thick,  and  form  a  plate  of  alxmt  a  foot  square 
with  it,  by  bending  it  back  continually  on  itself. 

The  surface  of  the  lead  plates  after  charging  becomes  spongy,  and  this  spongy 
surface  constitutes  their  capacity;  the  plate  offering  the  most  surface  has  the 
greatest  capacity.  This  peculiar  surface  is  generally  obtained  in  the  first  place 
by  chemical  and  electrical  treatment,  and  if  the  plates  are  used  judiciously,  the 
depth  of  this  spongy  lead  should  increase,  until,  after  very  many  years,  the 
entire  plate  should  become  spongy  and  the  cell  attain  its  maximum  capacity, 
after  which  it  will  fall  to  pieces.  The  procuring  of  such  a  spongy  surface  by 
pasting  prepared  lead  on  to  the  plate,  is  obviously  a  less  substantial  method  than 
the  production  of  the  spongy  surface  from  the  plate  itself. 

The  selection  of  a  cell  can  be  easily  made  with  confidence,  if  the  two  points  I 
have  mentioned  are  kept  in  view,  viz.  a  maximum  of  strength  and  a  maximum 
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of  surface.     Few,  if  any,  makers  exceed  the  size  of  about  12  inches  square  for 
their  plates. 

In  stationary  work  in  small  installations,  the  plates  are  set  up  in  glass  boxes, 
which  permit  of  the  plates  being  readily  examined ;  but  in  electricity -supply  works, 
where  the  cells  are  very  large,  or  in  cases  where  they  are  subjected  to  rough 
treatment,  such  as  in  tramway  or  yacht  work,  lead  boxes  are  used  with  an  outer 
oaring  of  teak. 

The  connections  from  cell  to  cell,  in  small  installations,  are  generally  made 
with  brass  bolts  and  nuts,  clamping  the  lugs  together  tightly.  All  are  then 
varnished  to  protect  them  from  the  acid.  In  large  installations,  such  as 
electricity-supply  works,  these  lugs  are  often  burned  together  with  lead. 

The  capacity  of  cells  is  descril>ed  in  ampere-hours,  that  is  to  say,  so  many 
amperes  for  so  many  hours;  for  instance,  if  a  set  of  cells  is  described  as  having 
600  ampere-hours  at  100- volts  pressure,  it  would  be  understood  that,  at  that 
pressure,  600  amperes  could  be  obtained  for  one  hour,  or  300  for  2  hours.  I 
mention  this  figure  to  make  the  point  clear,  but  have  now  to  add  that  the  600 
anij>ere-hours  (or  A. 11.,  a*  it  is  often  written)  are  conditional  on  a  maximum 
discharge  of  (say)  60  amperes  not  being  exceeded,  so  that  the  quickest  method 
of  discharging  the  cells  permissible,  would  be  60  amperes  for  10  hours.  The 
voltage  of  100  would  only  indicate  the  number  of  cells,  since  one  cell  giving  a 
minimum  of  T9  volts  would  discharge  at  60  amperes  for  10  hours,  and  fifty- 
three  in  series  would  also  discharge  60  amperes  for  10  hours,  but  (as  stated 
above)  at  a  pressure  of  100  volts. 

The  voltage  of  1  '9,  so  often  mentioned  here,  is  only  that  to  which  makers 
recommend  their  cells  l>eing  discharged.  In  some  instances,  a  figure  as  low  as 
T8  us  stated  to  be  that  to  which  a  particular  make  of  cell  will  discharge,  but  as 
it  is  only  a  question  of  how  low  the  cell  can  be  discharged  without  injury  to  it, 
one  can  understand  it  is  not  advisable  to  "  cut  it  too  fine". 

The  charging:  of  cells,  unless  efficiency  is  of  great  importance  compared  with 
durability  (as  is  seldom  the  case),  is  continued  at  a  maximum  current  decided  by 
the  makers,  until  the  cell  "  boils",— in  other  words,  until  the  electrolyte  or  acid 
gives  off  gas  so  freely  as  to  give  the  cell  that  appearance.  The  temperature  of 
the  cell  is  not  to  be  thought  to  have  increased  by  the  so-called  "  boiling"  of  the 
electrolyte.  On  the  appearance  of  "  boiling"  in  all  the  cells,  the  charging  is  dis- 
continued, and  the  total  E.M.F.  will  then,  if  the  cells  are  healthy,  be  generally 
found  to  !*»  represented  by  2'2  volte  per  cell.  With  glass  boxes  for  the  plates, 
the  "  boiling"  will  be  found  to  give  a  "  milky"  appearance  to  the  acid,  until  the 
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Much  spray  is  given  off  during:  the  "boiling-",  which  occurs  fortunately  only 
towards  the  end  of  the  charging,  and  is  a  sign  that  the  plates  are  approaching 
the  desired  condition.  To  prevent  this  spray,  many  devices  have  been  thought 
of.  One  is  to  lay  a  piece  of  glass  over  the  top  of  the  glass  box,  in  order  to  catch 
and  throw  back  the  spray.  To  effect  this,  the  glass  should  be  slightly  raised  at 
one  end,  so  that  the  spray  accumulating  thereon  may  drop  back  into  the  box. 
Care  must  be  taken  that  these  glass  plates  do  not  touch  both  the  negative  and 
positive  plate  in  any  box,  as,  should  they  do  so,  a  path  would  be  formed  for  the 
current  from  the  negative  to  the  positive,  apart  from  its  legitimate  circuit.  To 
show  the  objection  to  this,  it  is  only  necessary  to  remember  that  a  cell  consists 
of  a  numl>er  of  positive  and  negative  plates  interleaved  with  one  another,  but 
separated  from  each  other  with  scrupulous  care,  the  only  connection  being  by 
means  of  the  liquid.  If  something  were  to  connect  the  positive  and  negative 
terminals  outside  the  box  (as  the  wet  sheet  of  glass  would  do),  the  cell  would 
have  a  circuit  from  (say)  the  positive  plate  through  the  liquid  to  the  negative 
plate,  and  thence  along  the  wet  sheet  of  glass  back  to  the  positive  plate. 

Another  method  is  to  fill  the  glass  box  within  al>out  half  an  inch  of  the  top 
with  the  liquid, — usually  the  liquid  need  only  be  so  high  as  to  well  cover  the 
plates, — and  then  to  pour  upon  it  hot  paraffin  wax  of  the  best  quality  to  a  depth 
of  the  remaining  half-inch,  having  previously  fastened  in  one  corner,  for  the 
moment,  a  greased  wood  plug,  which  can  then  l>e  removed,  leaving  a  hole  in  the 
wax  of  half  an  inch  in  diameter,  through  which  a  little  acid  can  be  withdrawn  by 
a  syringe.  This  syringe,  or  any  such  tool  used  with  accumulators,  must  not  l>e 
of  metal,  but  of  glass  or  other  insulating  material,  for  fear  of  accidentally  connect- 
ing the  positive  and  negative  plates,  which  would  have  the  effect  of  the  wet  sheet 
of  glass  above  referred  to,  but  with  far  more  disastrous  result. 

This  arrangement  of  wax  is  very  effective  as  regards  preventing  the  spraying 
of  the  acid,  and  if  the  level  of  the  liquid  is  reduced  with  the  syringe  sufficiently 
to  allow  the  gas  formed  to  escape  through  the  hole  made  by  the  temporary  plug, 
all  will  be  well,  but  the  plan  has  the  decided  disadvantage  of  preventing  the 
removal  of  the  plates,  or  the  giving  of  attention  to  them  to  dislodge  any  scale 
forming  between  them  (as  is  often  found  necessary),  without  the  removal  of  the 
wax. 

Another  plan,  and  one  which  I  consider  by  far  the  best,  is  to  allow  to  float 
on  the  top  of  the  acid  a  quantity  of  prepared  crumbled  cork,  or  small  glass  balls. 
These  are  easily  removed,  and  neither  of  them  can  do  harm,  provided  the  cork 
is  prepared  to  withstand  the  action  of  the  acid. 

Anything  which  will  carbonize  and  become  water-logged  is,  of  course,  objec- 
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tionable,  as  in  time  the  effect  might  be,  that  enough  would  sink  to  build  up  a 
connection  between  the  plates,  and  so  bridge  across  the  positive  to  the  uega- 

•.-•• 

To  read  the  E.M.F.  of  the  cell,  as  mentioned  on  page  252,  hand-voltmeters 

an  often  employed,  which  are  generally  fitted  with  a  piece  of  double  flexible 

wire  and  a  "spear",  as  shown  in 
tig.  622.  The  spear  is  about  a  foot 
long,  and  the  free  ends  of  the  attached 
wires  are  provided  with  blades,  one  of 
which  engages  in  the  positive  and  one 
in  the  negative  plate,  so  as  to  ensure 
a  good  contact  whilst  the  reading  is 
being  taken  on  the  voltmeter.  The 
contacts  with  such  a  spear  are,  however, 
very  treacherous,  owing  to  the  oxidized 
condition  of  the  surface  of  the  lead 
strips  lending  to  the  plates  in  the  cell, 
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and  care  should   IK?  taken   to  make  the  blades  thoroughly  scratch  the  lead, 
or  an  incorrect  rending  will  be  the  result. 

The.se  hand-voltmeters  are  only  suitable  for  making  comparisons;  for  in- 
stance, if  all  the  cells  but  one  read  about  2  volts,  and  this  one  only  reads  1*5 
volte,  there  is  no  doubt  of  the  cell  being  faulty.  The  hand-voltmeter  is  quite 
likely  to  read  to  3  volts  per  cell,  but  one  must  not  be  led  to  believe  the  cell  is 
giving  that  E.M.F.,  but  merely  to  use  the  figure  for  comparison  with  the  other 
cells.  Above  all,  the  E.M.F.  of  a  cell  should  not  be  taken,  and  the  figure 
multiplied  by  the  numWr  of  cells;  for  instance,  if  the  cell  above-mentioned 
should  read  3  volts  on  the  hand-voltmeter,  and  there  should  be  50  cells,  it 
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should  not  be  concluded  that  the  voltage  is  150.  On  the  contrary,  no  reliance 
should  be  placed  upon  such  a  figure. 

The  principle  of  the  voltmeter  is  very  simple,  and  one  form,  which  will 
suffice  to  explain  it,  is  that  of  an  electro-magnet  attracting  a  small  piece  of  iron. 
The  greater  the  strength  of  the  current,  the  greater  will  lie  the  quantity  of 
current  flowing  round  the  electro-magnet,  and  the  greater  will  be  the  attrac- 
tion of  the  magnet  for  the  small  piece  of  iron;  consequently,  the  greater  the 
attraction,  the  greater  distance  will  the  indicating  needle  move,  to  which  it  is 
fixed. 

A  voltmeter,  being  designed  to  measure  pressure,  must  be  connected  across 
the  terminals  of  the  article  to  be  measured ;  for  instance,  to  measure  a  dynamo, 
one  of  the  terminals  of  the  meter  must  be  connected  to  one  of  the  dynamo- 
terminals,  and  the  other  terminal  to  the  other  dynamo-terminal.  In  the  same 
way,  to  measure  the  E.M.F.  of  a  cell,  one  terminal  must  be  connected  to  one 
plate,  and  the  other  terminal  to  the  other  plate. 

The  only  reliable  method  of  finding  the  total  voltage  (that  is,  the  voltage  of 
all  the  cells  in  series)  is  to  connect  them  to  the  engine-room  voltmeter,  which  is 
a  similar  apparatus  to  the  hand-voltmeter,  except  that  the  latter  is  a  small 
portable  instrument  with  spear,  reading  to  about  3  volts,  whereas  the  former  is 
a  much  larger  instrument,  screwed  to  the  cwitchboard  (presently  to  be  described), 
and  with  a  scale  reading  to  (say)  140  volts. 

An  ampere-meter  (or  ammeter)  is  an  instrument  on  the  same  principle, 
except  that  whereas  a  voltmeter  is  bridged  across  the  terminals  of  the  apparatus 
to  be  measured,  and  has  consequently  to  be  wound  with  many  turns  of  fine  wire 
to  permit  only  just  enough  current  to  pass  through  it  to  move  the  indicator,  an 
ammeter  has  to  be  placed  in  the  circuit,  the  current  which  it  is  desired  to 
measure  passing  through  it.  If  it  were  required  to  ascertain  the  current  given 
out  by  a  dynamo,  it  would  be  necessary  to  connect  one  terminal  of  the  dynamo 
to  the  ammeter,  and  the  other  terminal  of  the  ammeter  to  the  circuit,  or, 
figuratively  speaking,  to  cut  the  circuit  and  insert  the  ammeter. 

Both  voltmeters  and  ammeters  must  be  used  for  such  circuits  only  as  they 
are  intended  for.  If  the  3-volt  hand-voltmeter  were  connected  across  a  200- volt 
dynamo,  it  would  be  burned  up  with  the  excessive  current  passed  through  it,  as 
it  was  only  wound  with  sufficient  wire  to  withstand  a  pressure  of  3  volts.  In 
the  same  way,  if  an  ammeter  with  a  scale  of  from  5  to  20  amperes  were  put  in  a 
circuit  carrying  1000  amperes,  it  too  would  be  burned  up;  but  if  it  were  put  in 
a  circuit  carrying  "01  of  an  ampere,  it  would  not  indicate  anything,  since  its 
scale  commences  at  5  amperes.  The  very  low  readings  of  long-range  instru- 
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ments  aie  always  treacnerous;  so  on  a  ISO-scale  voltmeter,  DO  reliance  should 
be  put  on  the  readings  of  (say)  the  first  ten  volts. 


CHAPTER   IV. 
'   ELECTRICITY:  WIRING  AND  LAMPS. 

"Wiring"  is  a  comprehensive  term,  including  all  methods  of  conveying 
electricity  through  wires  to  and  from  the  various  points  at  which  it  is  to  be 
utilized.  Before  the  pros  and  cons  of  the  different  methods  can  be  discussed,  it 
is  necessary  to  understand  the  fundamental  principle,  that  the  electric  current 
requires  a  circuit  or  jwth,  from  the  point  at  which  it  is  generated,  to  the  point 
at  which  the  work  is  to  IK?  done,  and  thence  back  to  the  original  point  at  which 
it  was  generated. 

The  size  of  the  wires  must  be  in  proportion  to  the  current  conveyed  and  the 
distance  traversed,  in  order  that  very  little  of  the  energy  may  be  consumed  in 
them,  leaving  nearly  all  the  original  energy  to  be  usefully  absorbed  in  the  work 
in  view ;  for  instance,  if  we  take  an  incandescent  lamp, — which  is  merely  a  thin 
strip  of  earhon  in  a  vacuum,  preserved  by  a  light  glass  glol>e, — it  is  in  that  strip 
of  carbon  (or  ti lament,  as  it  w  termed)  that  the  energy  should  be  absorbed;  so 
the  wires  leading  to  it  should  offer  very  little  resistance  to  the  current,  and 
the  pressure  be  such  as  will  force  the  required  amount  of  electricity  through 
the  high  resistance  of  the  carbon  to  make  it  incandescent,  and  so  give  light. 

The  pressure  of  the  current  should  be  decided  upon  according  to  the  area  Of 
distance  through  which  the  current  has  to  pass.  In  domestic  lighting  by  electric 
incandescent  lamps,  such  pressures  as  60,  100,  or  110  volts  are  usually  employed, 
became  these  have  been  found  convenient  for  such  work.  That  the  theory, 
however,  may  be  correctly  understood,  I  would  point  out  that  5,  or  10,  or  any 
other  number  of  volts,  would  be  equally  effective,  as  will  be  seen  by  the  follow- 
ing  explanation.  It  has  been  already  explained  that  a  given  quantity  of 
electrical  energy  can  be  divided  into  whatever  pressure  and  current  may  be 
found  necessary, — that  is  to  say,  1000  watts  of  energy  is  represented  alike  by 
100  volts  and  10  amperes,  500  volts  and  2  amperes,  or  any  other  combination 
the  product  of  which  is  1000.  If  it  is  decided  to  use  an  incandescent  lamp 
having  such  a  resistance  of  filament  that  60-volts  pressure  is  necessary  to  force 
one  ampere  through  it,  that  lamp  would  be  said  to  require  GO  watts,  and  if  the 
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one  ampere  i>  found  to  make  the  filament  hot  to  such  an  extent  as  to  emit  a 
light  of  sixteen  caudles,  the  sixteen-candle-power  lamp  is  said  to  take  60  watte. 
The  filament  of  the  lamp,  however,  might  be  of  such  reduced  size  that  half  an 
ampere,  on  l>eing  forced  through  it  by  the  60-volte  pressure,  would  \*e  sufficient 
to  make  it  hot  enough  to  give  the  same  light  of  sixteen  candle-powers. 

To  understand  this  proportioning  of  the  filament,  it  is  only  necessary  to 
imagine  a  lamp  with  such  a  large  diameter  of  filament  that  the  one  ampere 
would  not  render  it  hot  at  all,  but  would  pass  easily  through  it,  just  as  it  does 
through  the  copper  circuit-wire,  in  which,  of  course,  it  does  not  appreciably  raise 
the  temperature.  The  length,  however,  of  a  filament  of  such  an  increased 
diameter  would  liave  to  be  extended,  if  it  were  required  to  offer  sufficient 
resistance  to  the  GO  volts  to  permit  only  one  ampere  to  pass. 

From  these  two  examples,  since  an  equal  amount  of  light  is  obtained  in  each 
case,  one  would  be  apt  to  say  that  it  would  be  more  economical  to  take  the 
smaller  amount  of  current,  and  this  would  undoubtedly  be  true  as  far  as  first 
cost  is  concerned,  but  the  smaller  filament  has  to  be  raised  to  a  higher  state  of 
incandescence  to  make  it  give  the  same  light,  and  it  is  consequently  not  likely 
to  stand  the  wear  and  tear  so  long.  By  actual  experience,  a  standard  has  been 
fixed,  at  which  it  is  reasonable  to  work  filaments. 

A  sixteen-candle-power  lamp  is  considered  to  have  a  sufficiently  long  life 
when  absorbing  60  watts,  at  which  amount  of  energy  the  filament  is  not  unduly 
heated,  and  it  will  be  seen  that  a  light  of  this  intensity,  absorbing  a  total  of  60 
watts,  absorbs  for  each  candle-power  a  little  under  4  watts,  which  is  the  method 
used  to  describe  the  light-giving  efficiency  required; — that  is  to  say,  a  lamp- 
manufacturer,  offering  lamps  of  sixteen  candle-powers  at  4  watts  per  candle, 
states  directly  the  class  of  article,  leaving  the  purchaser  to  order  them  at  100 
volts  or  60  volts,  according  to  the  pressure  of  his  source  of  current. 

At  the  present  day  a  light-giving:  efficiency  of  one  caudle-power  for  every 
•Jj  watts  consumed,  which  would  be  equivalent  to  a  sixteen-candle  lamp  al>sorb- 
ing  40  watts,  is  considered  very  high,  but,  by  improvements  in  manufacture, 
the  light-giving  efficiency  of  lamps  will  no  doubt  be  from  time  to  time  increased, 
the  great  problem  of  production  being  to  find  a  process  to  render  a  filament  so 
strong  as  to  stand  an  increased  state  of  incandescence,  by  which  it  will  give 
more  light  for  the  same  energy  expended.  The  expression  "  light-giving " 
efficiency  has  been  used  to  prevent  confusion  with  "life"  efficiency,  wliich  is  the 
length  of  time  the  filament  will  bear  being  raised  to  the  stated  degree  of  incan- 
descence. 

It  is  an  easy  matter  for  a  lamp-maker  to  guarantee  any  light-giving  efficiency, 
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but  when  this  is  coupled  with  life-efficiency,  it  is  another  matter;  for  instance, 
the  60- watt  lamp  could  be  made  to  give  a  light  of  (say)  200  candles,  but  only 
perhaps  for  a  few  minutes,  as  the  filament  could  not  stand  such  a  very  high 
degree  of  incandescence  much  longer.  A  60-watt  lamp  is  generally  supposed  to 
stand  burning  for  1000  hours,  and  a  40-watt  lamp  perhaps  only  600  hours. 

The  efficiency  in  watts  and  life,  then,  are  important  points  to  stipulate  for. 
All  makers  of  incandescent  lamps,  I  believe,  refuse  to  guarantee  any  particular 
life,  as  the  article  is  a  very  treacherous  one  to  make,  and  they  are  unable  to  feel 
satisfied  that  the  lamp  has  received  proper  treatment. 

To  show  how  a  lamp  may  be  improperly  treated,  and  at  the  same  time  to 
help  to  explain  the  alxjve  matter,  we  will  suppose  we  have  a  100- volt  circuit, 
and  put  a  (iO-volt  lamp  in  contact.  The  result  will  be  an  intense  light,  since 
the  lamp  has  been  made  to  take  (say)  one  ampere  with  a  pressure  of  60  volts, 
whereas  the  increased  voltage  of  100  will  send  through  it  far  more  than  one 
amjiere.  ami  will  raise  the  degree  of  incandescence  much  higher  than  that  for 
which  the  tilanient  was  intended.  This  would  probably  have  the  effect,  during 
the  short  time  the  lamp  could  .stand  such  treatment,  of  permanently  blackening 
the  inside  of  the  glass  by  the  volatilization  of  the  carbon. 

Except  by  a  mistake,  no  lamp  is  likely  to  be  so  badly  treated  as  the  one 
mentioned,  but  it  is  of  daily  occurrence  for  lamps  made  for  (say)  a  100-volt 
circuit,  to  be  submitted  to  105  or  110  volts  for  a  short  time,  owing  perhaps  to 
iin|H?rfect  governing  of  the  engine  driving  the  dynamo,  thereby  allowing  the 
latter  to  run  too  fast  and  so  give  too  great  a  pressure. 

The  connection  of  incandescent  lamps  to  the  circuit  will  now  be  described. 
We  will  supjxjse  that  we  have  a  compound-wound  dynamo  of  100-volts  pressure, 
which,  of  course,  being  compound-wound,  will,  at  a  constant  speed,  give  a 
practically  constant  pressure,  irrespective  of  the  load,  and  we  will  further 
suppose  that  we  have  some  16-C.P.  and  some  8-C.P.  incandescent  lamps. 
Immediately  we  connect  the  two  ends  of  the  filament  of  a  16-C.P.  lamp,  which 
protrude  through  the  glass,  to  the  two  terminals  of  the  dynamo,  we  have 
provided  for  it  a  complete  circuit,  and  the  current  will  flow  through  the  lamp 
and  render  the  filament  incandescent.  There  need  be  no  doubt  as  to  the  result, 
since  we  have  a  100-volt  circuit,  and  have  attached  a  lamp  constructed  to  allow 
such  a  current  to  go  through  it,  at  a  pressure  of  100  volts,  as  will  give  a  light 
of  sixteen  candles,  the  current  in  this  case  being  '6  of  an  ampere,  so  that  the 
lamp  takes  (1000  x  6  »  )  60  watts. 

We  will  now  hang  another  lamp  on,  in  exactly  the  same  manner.  It  also 
will  immediately  light,  and  we  shall  have  two  lamps,  each  giving  a  light  of 
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sixteen  candles,  and  taking  *6  ampere  at  the  common  pressure  of  100  volte, 
since  each  offers  a  distinct  and  independent  path  for  the  current  from  the 
dynamo.  For  every  lamp  we  so  attach,  the  dynamo  will  produce  just  sufficient 
current  and  no  more. 

If  we  now  in  an  exactly  similar  manner,  and  as  if  the  other  lamps  did  not 
exist,  attach  an  8-C.P.  lamp,  we  shall  have  two  of  16  and  one  of  8  C.P.  burning 
simultaneously,  the  last-mentioned  taking,  if  it  is  a  30-watt  lamp,  only  '3  of  an 
ampere,  in  consequence  of  being  of  less  power. 

We  can  continue  to  attach  lamps  until  so  much  current  is  required  from  the 
dynamo  that  the  wires  on  its  armature  become  excessively  hot,  and  the  cotton, 
or  other  insulation  employed  on  it,  is  impaired.  I  put  it  in  this  way  to  make  it 
clear,  but  of  course  a  dynamo  is  known  to  have  a  certain  capacity,  such  as  100 
volts  and  50  amperes,  which  would  not  in  practice  be  exceeded. 

Just  as  the  lamps  were  attached  one  by  one,  they  can  be  disconnected  one  by 
one;  if  we  wish  to  extinguish  any  particular  lamp,  it  can  be  disconnected  with- 
out affecting  the  others. 

These  lamps,  it  will  be  noticed,  are  connected  to  the  dynamo  in  "  multiple  " 
or  "  parallel ",  an  expression  which  has  been  already  explained. 

In  practice  it  would  be  very  inconvenient  to  have  a  bunch  of  lamps  attached 
to  the  terminals  of  a  dynamo,  but  if  the  copper  wires  for  each  of  the  lamps 
were  many  yards  long,  the  dynamo  could  U>  in  one  position,  and  the  lamps  as 
far  off,  from  it  and  each  other,  as  desired.  The  copper 
wires,  as  already  mentioned,  should  be  of  such  a  size 
as  to  absorb  practically  none  of  the  energy.  Two 
main  wires  or  cables,  insulated  suitably,  are  attached 
to  the  dynamo-terminals,  which  are  usually  two  copper 
screws,  and  the  wires  are  thence  carried  through  the 
building  as  required.  To  any  point  along  the  wires 
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lamps  can  be  attached  with  the  same  effect  as  if  they      <S    <*> 
were  attached  actually  to  the  dynamo-terminals,  pro- 
vided that  these  mains  are  of  such  a  size  as  not  to 
absorb  any  appreciable  quantity  of  energy. 

This  arrangement  can  be  elaborated  by  connecting  at  any  distance  from 
the  dynamo  along  the  two  cables,  two  more  cables,  one  to  each  of  the  first,  and 
then  carrying  these  two  (to  which  lamps  can  be  attached)  in  another  direction. 
In  the  same  way,  from  any  point  on  the  two  latter,  a  further  pair  of  cables  can 
be  taken,  and  so  on.  This  arrangement  is  called  the  "Tree"  system  of  wiring, 
and  is  illustrated  in  fig.  623 ;  the  current  from  either  terminal  of  the  dynamo 
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through  any  lamp,  and  back  to  the  other  terminal,  must,  of  course,  be  unin- 
terrupted. 

As  it  would  be  most  inconvenient  to  detach  a  lamp,  when  the  light  from  it 
U  not  required,  an  arrangement  called  a  switch  has  been  designed  to  give  the 
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FT*.  «26  —View  of  Small  Switch  with  the  Outer  Cue  remored. 


same  effect.  It  does  nothing  more  than  break  the  circuit  to  which  it  is  attached, 
and  so  prevent  the  current  passing.  Cutting  the  wire,  either  before  or  after  it 
jMtsses  the  lamp,  would  serve  the  same  purpose  as  the  switch,  but  the  switch  has 
the  advantage  of  severing  the  connection  by  a  simple  piece  of  mechanism,  the 
^^^^^^^^^^^^^^_  obvious  part  of  which  is  simply  the  rotation  of  a 

button,  or  pressure  upon  it.  A  switch  can  be  so 
located  that  it  will  cut  a  wire  feeding  one  lamp,  a 
dozen,  or  any  other  number,  and  to  make  this 
clear,  1  may  mention  that  at  least  one  of  the  wires 
leading  from  the  dynamo  is  always  passed  through 
a  switch  within  a  few  feet  of  the  machine,  that  by 
its  use  all  the  lamps  can  be  extinguished  or 

yj^aHr^Uik  lighted.     I  say  "at  least  one  wire",  because  the 

y,%^= — .j.  best   method  with  a   large   current  would   be   to 

^mL   -4       ~jfc  I 
^  have  a  switch  on  each  main  cable,  close   to  the 

^^^^^  [[     dynamo.     These  two  switches  are  in  such  a  case 

combined  on  one   base,  and   controlled    by   one 
handle,  when  they  are  called  a  double-pole  switch, 
since  they  break  lioth  electrical  poles  of  the  circuit. 

As  it  would  be  inconvenient  to  attach  lamps  by  the  small  wires  protruding 
from  their  glasses  to  copper  wires  in  order  to  connect  them  to  the  main  cables, 
"lampholdera"  are  provided,  which  vary  considerably  in  design,  but  which 
do  nothing  more  than  hold  the  lamps  on  to  the  wires  leading  to  them.  One 
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Fig.  827.— Section  of 
tampholder. 


variety  is  illustrated  in  figs.  627  and  628,  and  a  lampholder  combined  with 
a  switch  in  fig.  629. 

We  have  now  in  our  mind  a  number  of  lamps  connected  at  various  points 
throughout  the  length  of  the  main  cables  and  their  branches,  and  we  know  that 

each  lamp  is  allowing  only  a  little  cur- 
rent to  go  through  it,  in  consequence  of 
its  high  resistance; 
but  suppose  that, 
by  some  mishap, 
the  two  small  cop- 
per wires  supplying 
a  lamp  were  to  In- 
come connected  to- 
gether, then  this 
path  would  offer  a 
resistance  to  the 
dynamo  very  much 
less  than  all  the 
lamps  put  together, 
because,  as  so  fre- 
quently mentioned,  the  copper  mains  and  wires  have  been  arranged  of  such  a 
low  resistance  as  to  absorb  practically  no  energy. 

This  fault  is  termed  a  "short  circuit",  as  the  current  has  found  a  shorter 
or  easier  circuit  than  its  proper  course.1  The  result  would  be  that  all  the  cur- 
rent would  go  through  these  two  wires  at  the  point  at  which  they  came  in 
contact,  and  none  through  the  lamp,  which  would  therefore  be  extinguished. 
Further,  the  two  small  wires,  which  come  in  contact  and  make  the  short  circuit, 
will  receive  all  the  current  the  dynamo  is  producing,  whereas  they  were  only 
arranged  to  supply  one  lamp  taking  perhaps  '6  of  an  ampere,  and  these  small 
wires,  becoming  exceedingly  hot,  will  burn  the  rubber,  &c.,  with  which  they  are 
covered,  and  this  may  lead  to  a  serious  fire  in  the  building. 

This  danger,  however,  can  certainly  and  easily  be  avoided.  If  it  were  not 
so,  electric  lighting  would  not  be,  as  is  universally  admitted,  the  safest  known 
artificial  illuminant.  The  cure  is  based  on  the  fact  that  lead  and  tin  wires 
have  low  melting  points,  and  sufficiently  low  electrical  resistances  to  enable 
the  following  arrangement  to  be  adopted.  At  the  point  where  one  of  the  two 

1  The  expression  "  earner  circuit "  is  leas  misleading, — although  never  used, — as  it  is  not  a  question  of  distance  bat 
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wives,  leading  to  or  from  a  lamp,  leaves  the  main  cable,  or  sub-main 
cable  (as  a  large  branch  is  termed),  this  small  wire  is  cut,  and  the  two  ends 
00  produced  are  connected  by  (say)  an  inch  of  lead  or  tin  wire  of  perhaps  20 
RW.  gauge,  so  that  the  lamp  will  light  just  as  it  did  previously,  but  the  current 
nan  to  pass  through  this  inch  of  tin  wire  on  its  way  to  or  from  the  lamp.  This 
small  piece  of  tin  wire  does  not  offer  appreciably  any  increased  resistance  to 
the  current,  but  unlike  the  copper  wire  to  which  it  is  attached,  it  cannot  cany 
much  more  current  than  the  '6  of  an  ampere  without  melting. 

Where  this  method  is  adopted,  and  a  short  circuit  happens,  the  current 
increases  instantly  along  this  small  circuit  to  a  very  large  quantity,  and  in  less 
than  a  second  the  tin  or  lead  wire  melts,  and  automatically  switches  oft'  the 
faulty  circuit.  Nothing  could  be  more  simple  or  effective.  By  adding  one  of 
these  pieces  of  tin  wire  at  each  branch,  and  also  in  the  main  cables  close  to  the 
dynanm,  we  make  it  ntaolutely  impossible  for  any  circuit  to  take  such  an  excess 
of  current  as  will  raise  the  temperature  of  the  copper  cables  and  wires  more 
than  a  few  decrees,  since  any  faulty  circuit  will  be  immediately  and  automati- 
cally cut  out. 

The  article  used  for  preventing  this  overheating  of  the  wires  is  termed 
a  fusible  "cut-out",  and  consists  of  any  shape  of  box  (preferably  of  china)  with 

Mimll  terminals  within  it,  by  which  to  attach 
the  copper  wires  to  the  small  piece  of  tin 
wire.  The  gauge  of  the  tin  wire  would  have, 
of  course,  to  be  varied  to  suit  its  position — 
that  is  to  say,  if  the  cut-out  were  fixed  in  the 
main  cable  near  the  dynamo,  the  tin  wire 
within  it  would  require  to  be  much  larger  than 
the  small-gauge  piece  for  conveying  current  to 
one  lamp. 

Incandescent  lumps  are  often  suspended  by  two  flexible  wires,  twisted 
together  in  the  form  of  a  cord,  which  enters  a  small  fitting  on  the  ceiling. 
This  fitting  is  called  a  ceiling-rose,  and  is  usually  made  of  china.  Its  object  is 
to  provide  terminals  for  the  two  small  copper  wires  from  the  main  cables,  which 
have  to  be  brought  to  that  point,  and  also  terminals  for  the  double  flexible  wire 
referred  to.  In  this  fitting  there  is  also  a  fu.-ible  wire,  so  that,  on  any  fault 
happening  (in  the  flexible  cord,  for  instance),  the  entire  length  of  this  cord  would 
be  automatically  cut  out  of  circuit. 

Mention  was  made  just  now  of  cut-outs  being  inserted  near  the  dynamo,  and 
to  exolain  the  importance  of  the  position  of  cut-outs,  we  will  suppose  that  two 
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cut-outs  are  fixed,  one  on  each  cable,  leaving  six  feet  of  cable  between  the 
dynamo-terminals  and  the  cut-outs.  If  a  fault  arose  in  this  distance,  there 
would,  of  course,  be  no  fusible  wire  to  rely  upon,  but  as  such  cables  are  always 
most  securely  fixed  and  strongly  insulated,  they  are  practically  free  from  the 
danger  in  question.  Such  is  not  the  case,  however,  with  smaller  wires;  so,  if 
the  cut-outs  are  not  fixed  very  closely  indeed  to  the  cable,  from  which  the  wire 
leading  to  them  is  connected,  the  danger  exists  of  a  short  circuit  happening 
l>chind  them. 

If  a  short  circuit  did  happen,  there  would  be  the  main  and  sub-main  cut-outs 
to  rely  upon,  but  nevertheless  electrical  engineers  consider  the  point  of  such 

importance  that  they  often  fix  the 
cut-out  actually  on  the  top  of  the 
cable  or  wire  from  which  the 
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branches  are  l>eing  taken,  so  that  it  is  literally  impossible  to  leave  any  length 
of  wire  "  behind  "  it  unprotected. 

There  is  another  appliance  frequently  used  in  the  lighting  of  rooms,  namely, 
a  " wall-socket"  OP  "connection-socket".  This  consists  of  a  wall-piece  and  a 
plug,  as  shown  in  fig.  6.32.  The  wall-piece  contains  two  small  terminals  inclosed 
in  a  small  china  case,  and  connected  through  a  fusible  tin  wire  to  the  mains;  the 
plug  also  has  two  terminals,  which  fit  into  two  holes  in  the  wall-piece,  and  so 
connect  with  the  two  terminals  therein;  the  two  terminals  in  the  plug  are 
connected  to  a  double  flexible  wire,  which  may  be  attached  to  a  lamp  or  other 
fitting.  In  this  way,  the  flexible  wire  can  be  put  into  contact  with  the  mains 
simply  by  inserting  the  plug  into  the  china  cover;  a  portable  reading-lamp, 
hand-lantern  (see  fig.  633),  or  any  such  fitting,  having  a  piece  of  flexible  wire 
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attached,  can  thus  be  readily  connected  to  the  mains,  and  so  provided  with 

current. 

The  atmosphere  is  fortunately  an  insulator  of  electricity,  although  varying 
in  value  considerably  according  to  the  amount  of  moisture  suspended  therein. 
If  we  take  an  incandescent  lamp  and  attach  one  terminal  of  it  to  one  main  cable 
of  a  circuit,  supplied  at  the  time  with  a  potential  of  (say)  100  volts,  and  then 

attach  to  the  other  terminal  of  this  lamp  a  short  piece 
of  wire,  and  with  the  other  end  of  this  short  piece  of 
wire  approach  the  other  main  cable  within  (say)  a  one- 
hundredth  part  of  an  inch,  the  intervening  space  of  air 
(only  one-hundredth  part  of  an  inch)  would  be  sufficient 
to  prevent  the  electricity  from  jumping  across  and  lighting 
the  lamp;  it  would,  indeed,  need  a  very  much  higher 
jKrtential  to  do  so  than  any  used  in  domestic  lighting. 
If  the  wire  were  brought  closer  and  closer  until  it  actually 
touched  the  main,  contact  would  be  made  without  a  spark 
occurring.  But  if  the  wire  were  then  removed,  the  poten- 
tial already  existing  in  it  (which  did  not  exist  before  the 
contact  was  actually  made)  would  l>e  sufficient  to  bridge 
across  a  short  space  of  air. 

It  will  Iw  seen,  then,  that  it  is  not  the  making  of  a  contact,  but  the  breaking 
of  it,  which  produces  a  spark.  In  consequence  of  this,  switches  made  with  a 
trigger  action  are  now  used,  by  which  the  lever,  which  makes  and  breaks  the 
contact,  is  in  the  latter  case  very  suddenly  withdrawn  without  the  control  of  the 
o|MTiitor.  In  other  words,  if  one  were  to  turn  a  lamp  out  with  such  a  switch, 
it  would  be  found  that,  as  the  contact  was  about  to  l>e  broken  by  one's  hand 
turning  the  button,  the  lever  inside  would  suddenly  and  quickly  make  the 
disconnection,  even  if  one  tried  to  make  it  do  so  slowly.  These  switches  are 
termed  "quick  break".  There  are  also  "quick  make"  switches,  but  these  are 
not  so  necessary.  The  advantage  of  the  quick  break  is,  that  the  spark  is  not 
allowed  to  exist  for  any  greater  length  of  time  than  is  absolutely  necessary; 
thus  the  metal  parts,  which  would  otherwise  suffer  somewhat,  are  practically 
undamaged. 

We  have  hitherto  spoken  of  insulated  copper  wire  in  a  general  way  only; 
before  proceeding  farther,  it  would  be  well  to  understand  that  the  insulation  of 
wires  not  only  consists  of  cottons,  silks,  and  other  materials  used  in  the  manu- 
facture of  dynamos,  Ac.,  but  also  of  a  complete  coating  of  vulcanized  rubber, 
giving  a  result  somewhat  similar  to  the  placing  of  a  cable  inside  a  garden-hose. 
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The  advantage  of  this  is  that  the  wire  can  be  subjected  to  any  amount  of 
moisture,  without  this  being  able  to  pass  through  the  insulation.  This  is  of 
great  importance,  because  moisture  is  a  conductor  of  electricity.  If  a  pair  of 
wires  get  into  a  pool  of  water,  or  be  placed  on  a  damp  wall,  and  be  imperfectly 
insulated,  a  current  will  pass  from  one  to  the  other,  and  the  short  circuit  already 
described  will  in  time  occur. 

The  quality  of  the  Insulation  is  selected  to  meet  the  requirements  of  each 
case,  but  it  may  safely  be  assumed  that,  for  domestic  lighting,  the  insulation 
known  as  600-megohm  quality  is  sufficient.  The  expression  "  600  megohm " 
merely  means  that,  with  a  high  E.M.F.  of  (say)  400  volts  (far  in  excess  of  what 
would  IKJ  used  in  buildings),  the  insulation  in  question  would  offer  a  resistance 
of  600  million  ohms, — a  megohm  being  equal  to  one  million  ohms. 

The  "tree"  system  of  wiring:  so  far  described,  with  its  cut-outs  at  the 
branches,  is  only  used  in  mills  and  such  places,  where  the  following  system 
would  be  too  costly  and  impracticable.  It  will  be  noticed  that,  in  the  tree 
system,  for  each  lamp  there  must  be  at  least  two  joints  and  one  cut-out,  or,  if 
double-pole  cut-outs  are  used,  two  cut-outs.  The  joints  must,  of  course,  be 
perfectly  insulated. 

Insulated  joints  are  made  by  baring  the  ends  of  the  copper  wire,  rolling 
these  ends  together,  soldering  the  joints,  and  afterwards  insulating  them  with 
a  strip  or  ribbon  of  rubber,  and  then  with  waterproof  tape.  For  a  flux  with  the 
solder  on  all  joints,  resin  only  should  be  used.  These  insulated  joints  are  by  no 
means  equal  to  the  GOO-megohm  wire,  as  regards  their  ability  to  resist  moisture; 
excellent  and  costly  wire  is  therefore  much  impaired  by  having  its  insulation 
cut  in  many  places,  and  replaced  with  something  of  a  comparatively  worthless 
nature. 

To  avoid  this,  the  ••  distributing "  system  of  wiring1  has  been  largely  adopted. 
It  consists  in  taking  the  mains  from  the  dynamo  to  two  terminals  on  a  slate 
slab,  and  on  that  slate  slab  branching  these  two  points  into  (say)  12  pairs  of 
points;  then  from  these  12  pairs  of  points,  taking  sub-mains  to  twelve  more 
slate  slabs  in  different  parts  of  the  building,  from  each  of  which  a  number  of 
circuits  could  radiate  according  to  the  number  of  lamps  to  be  lighted.  No  joints 
are  required  at  all  with  this  system,  and,  as  all  the  cut-outs  are  upon  the  slate 
slabs  only,  any  particular  cut-out  is  readily  found  and  replenished,  whereas  with 
the  "tree"  system  in  an  intricate  building,  it  is  often  a  game  of  "hide-and-seek" 
to  find  a  cut-out  when  a  lamp  has  gone  out.  If  the  slate  slabs,  or  distributing- 
boards,  as  they  are  termed,  are  only  in  dry  places,  the  wiring  can  be  subjected 
to  a  very  considerable  amount  of  moisture  before  being  damaged  thereby. 
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Since  an  arrangement  like  that  just  described  would  be  very  costly  for  a 
large  number  of  lamps  in  an  intricate  building,  a  compromise  between  the  two 
systems  is  generally  arrived  at,  by  which,  from  the  distributing  slate  slabs, 
circuit*  radiate  to  a  number  of  lamps,  each  taking  not  more  than  *6  of  an 
ampere.  For  these  lamps,  joints  are  allowed  as  in  the  "  tree  "  system,  but  cut- 
outs only  upon  the  distributing  slabs.  This  means  that  the  number  of  joints  is 
kept  down  considerably,  and  the  cut-outs  readily  found,  especially  if  each  pair 

(for  in  such  a  system  one  would  be  upon 
each  wire)  is  inscribed  with  the  number 
or  description  of  the  lamps  they  protect. 
All  wires,  except  flexible  pendants 
and  those  supplying  portable  lamps, 
should  be  protected  by  being  laid  in 
hard-wood  casing*,  consisting  of  a  strip  of 
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wood  having  chased  in  it  two  grooves,  according  to  the  size  of  the  wires  to 
occupy  them,  and  having,  when  the  wires  are  placed  in  position,  a  thin  strip  of 
wood  screwed  on  the  face  of  it  to  form  a  cover.  In  damp  positions,  as  in  cellars, 
the  casing  should  l>e  varnished  inside  and  out,  back  and  front,  with  at  least  one 
A  substitute  for  wood  wising  has  recently  come  into  vogue, 
and  consists  of  tubing  formed  of  paper,  rendered  waterproof  with  bitumen  or 
similar  sulwtance.  Wrought  iron  is  often  employed  in  works  where  the  treat- 
ment Is  of  the  roughest  kind,  and  the  moisture  excessiv 

We  have  so  far  considered  only  incandescent  lighting,  but  lighting-  by  ••  arc  " 
lamps  is  another  form,  and  of  very  great  value.  In  describing  the  breaking  of  a 
circuit  with  a  switch  just  now,  whereby  a  spark  was  created,  it  would  have 
been  quite  correct  to  have  termed  such  a  spark  an  arc;  any  space  over  which 
electricity  pines  is,  in  electrical  parlance,  an  arc. 

With  incandescent  lighting,  the  electrical  energy  is,  as  has  been  shown, 

mned  in  passing  through  a  filament  of  carbon;  but  similar  energy  can  be 

consumed  in  "arcing"  between  two  points.     If  a  piece  of  carbon  is  held  in  each 
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huiid,  each  piece  being  connected  by  a  wire  to  one  of  the  mains  of  the  circuit, 
and  these  two  pieces  of  carbon  are  brought  into  contact,  current  will  begin  to 
flow,  and  on  drawing  them  slightly  apart  the  electricity  will  be  able  to  maintain 
an  arc  across  the  space  dividing  them,  and,  while  doing  so,  will  render  the 
j  M  tints  incandescent  and  so  give  light. 

There  is  no  other  arrangement  known,  which, 
for  the  same  amount  of  energy,  will  give  so 
much  heat  as  the  electric  arc,  and  it  is  to  this 
that  the  high  state  of  incandescence  is  due.  It 
has  been  seen  that  60  watts  give,  with  an  in- 
candescent lamp,  about  16  candle-powers,  but 
as  two  arc-lamps,  taking  (together  with  the 
resistance)  100  volts  and  10  amperes,  or  a  total 
of  1000  watts,  will  give  about  one  thousand 
candle- powers  each,  their  great  comparative 
efficiency  can  be  at  once  appreciated. 

The  carbon  points,  not  being  in  vacuum  (as 
are  incandescent  filaments),  are  slowly  con- 
sumed, and  the  pieces  of  carbon  must  therefore 
be  gradually  fed  together,  to  keep  the  distance 
between  them  constant.  Carbon  is  used  in 
preference  to  any  other  material,  owing  to  the 
high  state  of  incandescence  to  which  it  can  be 
raised,  and  to  its  lasting  properties.  The  arc 
has  the  peculiar  action  of  forming  the  end  of 
the  positive  carbon  into  the  shape  of  a  small 
cup,  while  the  end  of  the  negative  carbon  is 
brought  to  a  slight  point,  which  will  approxi- 
mately fit  into  the  positive  cup. 

The  space  between  the  carbon  points  must  be  regulated  according  to 
the  current  of  electricity,  otherwise  a  white  and  steady  light  will  not  be 
obtained.  With  an  arc  of  ten  amperes,  which  is  a  very  usual  quantity,  the 
distance  apart  of  the  two  carbons  to  obtain  this  white  light  should  l>e  about 
one-eighth  of  an  inch;  but  ten  amperes  passing  through  an  eighth-of-an-iuch 
arc  only  require  about  45  volts,  so  if  we  were  to  put  such  an  arc  on  a  100- volt 
circuit,  the  potential  would  be  too  great,  and  more  than  10  amperes  would 
pass.  To  prevent  this,  two  such  arcs  are  used  in  series,  that  is  to  say,  the 
current  from  one  main  has  to  pass  through  one  arc  and  then  through  the 


Fig.  Oft—  An  Arc  Lamp 
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other,  before  it  is  allowed  to  reach  the  other  main.  This  gives  a  total  of  90 
volts  absorbed  out  of  the  100  provided  by  the  circuit  The  balance  of  10  volts 
is  therefore  consumed  by  a  resistance  placed  anywhere  within  this  circuit. 

This  arc-lamp  resistance  usually  consists  of  a  length  of  iron  wire,  wound  into 

the  shape  of  spiral  springs  so  as  to  occupy  as  little  space  as  possible,  the  springs 

being  inclose*!  in  a  cast-iron  box,  as  shown  in  fig.  637.    A  resistance,  like  every- 

^  tiling  absorbing  electrical  energy,  becomes  hot  when  in  use,  and 

Jl          n    is  therefore  mounted  on  a  slab  of  slate,  and  packed  out  from  the 

wall  to  which  it  may  be  fixed,  so  as  to  allow  a  current  of  air  to 

pass  behind  it,  and  so  prevent  the  heat  affecting  the  wall.     When 

the  voltage  of  the  circuit  is  (say)  110,  the  resistance  must   be 

increased  to  absorb  a  further  10  volts. 

It   is  not   advisable  to  run  two  such  lamps  on  less  than  a 
4  mf     100- volt  circuit  for  the  sake  of  avoiding  the  waste  in  resistance, — 

which,    it    will    be   noted,    represents   ten    per  cent  of  the   total 
energv, — since  the  resistance  has  the  beneficial  effect  of  steadying 
T7  the  current  passing  through  the  lamps,  and  consequently  the  light 

lamp  Rr*i»tAncp  .  .  . 

given  I iv  them. 

The  light  from  arc-lamps  has  lieen  described  as  white,  and  so  much  is  this 
the  case,  that  colours  can  be  matched  thereby  with  the  same  readiness  as  by 
daylight,  a  fact  which  drapers  and  others  are  not  slow  to  avail  themselves  of. 

The  mechanism  attached  to  each  pair  of  carbons,  it  would  at  first  appear, 
should  IK.-  on  clockwork  principle,  and  arranged  to  feed  the  carbons  together  at  a 
speed  which  will  exactly  meet  the  rate  at  which  the  points  are  consumed.  In 
the  early  days  of  lighting  such  an  arrangement  was  used,  but  it  was  soon  found 
that  the  carlions,  varying  in  quality  throughout  their  length,  required  some 
means  of  feeding  them  together  at  varying  speeds.  This  has  been  achieved 
electrically  by  taking  advantage  of  the  following  principle.  If  the  carbons 
(which,  at  the  commencement,  were  one-eighth  of  an  inch  apart,  and  had  pass- 
ing across  them  10  amperes  requiring  a  voltage  of  45)  were  not  moved,  they,  on 
burning  away,  would  shortly  require  more  than  45  volts  to  maintain  the  10 
amperes,  or,  in  time,  to  maintain  any  arc  at  all,  so,  on  the  difference  of  potential 
or  voltage  between  the  two  points  increasing  to  above  45,  an  electro-magnet  as 
a  by-paas  automatically  obtains  sufficient  current  to  start  the  mechanism  and 
force  the  carbons  together  to  the  required  distance. 

The  peculiar  cup-shape  of  the  positive  carbon,  called  the  "  crater",  throws  the 
liffht  directly  in  front  of  it,  so  that  if  the  two  carbons  should  l>e  placed  vertically, 
and  the  positive  or  cup-shaped  carbon  be  uppermost,  practically  all  the  light  will 
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be  thrown  downwards.  By  reversing  the  current  without  affecting  the  position 
of  the  carbons,  that  is  to  say,  by  making  the  lower  carbon  positive,  all  the  light 
is  thrown  upwards.  The  former,  shown  in  fig.  638,  is  the  arrangement  generally 
seen,  with  a  globe  of  opalescent  glass  inclosing  it.  The  latter,  shown  in  fig.  639, 


FJtr  «SS.-  Arc-lamp  with  Half  globe  Reflector. 


638.  — Inrerted  Arc-lamp 


is  called  an  inverted  lamp,  in  which  the  carbons  are  merely  shielded  from  the 
eyes  of  those  below  by  a  metal  or  thick  glass  cone,  so  that  the  source  of  light 
cannot  be  seen,  but  the  rays  therefrom  proceed  to  the  ceiling,  whence  they  are 
reflected  to  the  floor.  Given,  then,  a  good  white  ceiling,  the  light  thrown  down 
is  as  near  an  approach  to  daylight  as  has  yet  been  found,  since  there  is  no  brilliant 
spot,  from  whence  it  proceeds,  to  irritate  the  eyes. 

I  stated  just  now  that  an  arc  is  not  formed  In  vacuo,  as  are  incandescent 
filaments.     But  arcs  have  been  used,  and  are  likely  to  be  more  and  mote  fre- 


I ;  _  LIGHTING. 


quently  used  in  a  partial  vacuum,  whereby  the  consumption  of  carbon  is  decreased 
and  the  light  rendered  softer,  although  somewhat  at  the  expense  of  purity  of 
colour. 


CHAPTER   V. 
ELECTRICITY:  AN  INSTALLATION  IN  A  HOUSE. 

We  will  now  consider  ourselves  in  the  position  of  an  electriod  engineer, 
designing  and  supervising  the  lighting-  of  a  country  house.  This  work  will,  of 
course,  offer  a  great  contrast  to  an  installation  in  a  mill  or  workshop,  but  these 
building*  arc  Iwyond  the  scope  of  this  l>ook. 

The  first  i>oint  to  IK?  considered  is  the  number  of  lamps  which  will  be  required. 
Unless  there  arc  unusual  conditions,  the  capacity  of  the  accumulators  (see  page 
1'jl)  must  IK?  two-thirds  the  number  of  the  lamps.  As  each  lamp  should  for 
this  pur|Miso  IK?  considered  as  of  lf>  C.P.,  —  although  eventually  some  may  be 
increax'd  and  others  decreased  in  candle-power,  —  and  as,  on  a  100  volt  circuit,1 
each  lamp  requires  '6  ampere,  the  total  current  for  (say)  66  lamps  will  be  39'6  or 
(.-ay)  4(>  amperes,  which,  for  10  hours,  will  equal  400  ampere-hours.  Sufficient 
cells  will  IK?  required  to  give  a  pressure  of  100  when  discharged  to  1'9  volts  each, 
at  which  point  the  makers  advise  their  l>eing  recharged.  The  100  volts,  then, 
divided  by  TU,  shows  that  53  cells  arc  necessary,  and  as  it  is  usual  to  keep  one 
extra  in  circuit,  as  a  reserve  in  case  of  repairs  lx?ing  necessary,  we  will  order  54 
cells  in  gliLss  taxes,  each  of  400  ampere-hour  size,  and  at  a  maximum  discharge 
of  40  amperes,  complete  with  glass  oil-insulators  and  teak  trays.  These  oil- 
insulators  are  merely  small  glass  cups,  containing  a  little  oil  to  prevent  surface 
leakage  (moisture  being  unable  to  creep  over  the  oil),  upon  three  or  four  of  which 
i*  placed  a  shallow  tray  filled  with  sawdust  or  crumbled  cork,  so  that  the  glass 
tax  of  the  cell  (the  tattom  of  which  is  often  very  irregular)  will,  when  placed  on 
it,  ta  evenly  supported. 

Where  gas  is  not  obtainable,  an  oil-engine  must  be  used,  but  a  gas-engine  is 
I  "referable,  owing  to  its  greater  simplicity  and  reliability.  To  ascertain  the  power 
of  the  engine  required,  we  must  consider  the  current  needed  for  the  accumulators 
again.  This  is  40  amperes,  and  as  each  cell  on  completion  of  charging  requires 


E.M.F.  at  100  volta,  M  I  am  imagining  a  cane  in  which  there  are  aome  outbuildings,  about  eighty 
yank  frwB  Uw  hnoM,  where  we  can  inatell  the  plant  without  any  noiae  from  the  engine  or  smell  from  the  cell*  cau»ing 
Me*  a  dwtaac*  •MMJIilii  rather  a  high  K.M.F.  to  avoid  having  very  Urge  mains. 
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2}  volts,  that  will  be  54  cells  multiplied  by  2|,  or  a  total  E.M.F.  of  135.  These 
volts  multiplied  by  the  40  amperes  will  give  a  result  of  5400  watts,  and,  as  600 
watts  to  the  horse-power  is  a  safe  figure  to  estimate  upon,  we  divide  the  5400 
watts  by  the  600  and  find  that  an  engine  of  9  horse-powers  is  required. 

We  shall  then  order  a  9  brake-horse-power  engine,  being  careful  to  use  the 
work  " brake",  since  it  is  9  actual  horse-powers  imparted  to  the  dynamo  that  an 
necessary,  and  not  9  nominal  horse. -powers,  which  is  obviously  a  vague  expression, 
or  9  indicated  horse-powers,  since,  although  the  engine  may  indicate  a  certain 
power,  this  is  not  definite  enough,  as  a  considerable  proportion  of  that  power  is 
expended  upon  the  compression  of  its  gases,  &c.  What  we  want  is  a  9  brake- 
horse-power  engine,  and  of  such  a  speed  as  will  enable  it  to  run  without 
imparting  the  power  to  the  dynamo  in  pulsations.  This  we  will  fix  at  200 
revolutions  per  minute.  If  the  dynamo,  and  consequently  the  engine,  were 
smaller,  this  latter  would  run  faster,  and  vice  versa.  We  must  bear  in  mind  to 
stipulate  fora  heavily-balanced  fly-wheel  on  each  side  of  the  crank;  the  necessary 
tanks  to  connect  with  pipes  to  the  jacket  on  the  cylinder,  in  order  that  the 
water  in  them  will  circulate,  and  so  keep  the  cylinder  cool;  and  all  other  details 
and  spare  parts. 

The  selection  of  the  dynamo  is  an  easy  matter,  since  all  that  it  is  necessary  to 
state,  is  that  it  must  be  shunt-wound;  that  it  must  give  40  amperes  at  135  volts, 
at  (say)  a  speed  of  1200  revolutions  per  minute  with  a  double-Hanged  pulley  of 
12  inches  in  diameter,  since  the  fly- wheel  on  the  engine  will  be  six  feet  in  diameter, 
and  will  make  200  revolutions  per  minute.  An  endless  double  leather  or  link 
belt  |-inch  thick  will  be  required,  and  the  dynamo  must  be  driven  with  the  lielt 
tight  on  the  lower  side. 

The  accumulator  shelves  or  racks,  if  there  is  plenty  of  room,  can  l>e  about  30 
inches  from  the  floor,  in  a  single  tier  ranged  round  the  walls.  They  must  be  in 
a  separate  room  from  the  dynamo,  and  between  these  rooms  there  must  be  no 
communication.  For  this  reason,  it  is  best  to  select  one  from  which  we  have  to 
come  out  into  the  open  air  before  we  can  enter  the  dynamo-house,  so  that  there 
will  be  little  risk  of  the  spray,  which  the  cells  give  off  on  completion  of  the 
charge,  being  blown  in  upon  the  dynamo,  and  so  damaging  the  insulation.  The 
ventilation  of  an  accumulator-house  by  means  of  a  skylight  or  roof- ventilator  is  less 
likely  to  allow  the  fumes  to  attack  young  trees  or  shrubs,  than  an  open  window. 
The  floor  of  this  room  must  be  such  that  it  can  be  washed  down  into  a  drain. 

The  foundations  may  be  made  of  Portland-cement  concrete,  that  of  the  engine 
4  inches,  and  that  of  the  dynamo  10  inches  above  the  level  of  the  floor,  which 
may  be  either  boarded  over,  or  covered  with  oil-cloth  or  tiles. 
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The  switchboard  will  be  conveniently  fixed  about  18  inches  from  the  wall, 
near  the  dynamo.  The  distance  between  the  engine-shaft  centre  and  that  of 
the  dynamo-shaft  centre  should,  considering  the  high  speed,  be  about  14  feet,  and 
as  the  fly-wheels  of  the  engine  will  require  pits,  the  floor  must  be  channelled  out, 
ao  that  the  Itelt  may  not  touch  as  it  runs. 

J 

The  water-circulating:  tanks  we  will  fix  near  the  engine-cylinder,  in  the  corner, 
on  a  stillage  a  few  inches  from  the  ground,  and  we  will  supply  them  with  a  ball- 
cock  to  ensure  the  water-level  being  maintained.  It  is  a  serious  matter  for  the 
cooling  of  the  cylinder  to  cease,  as  would  be  the  case  if  the  level  of  the  water 
dropped  below  the  uppermost  pipe,  because  tne  cylinder  might  be  damaged 
through  the  piston  "siezing"  in  it. 

The  mains,  consisting  of  2000  megohm  insulation  of  vulcanized  rubber, 
covered  with  lead,  we  will  lay  about  12  inches  under  the  turf  in  rough  tarred- 
wood  casing  with  a  central  rib,  similar  to  that  used  inside  buildings,  only  leas 
ornamental.  All  cinders  must  be  carefully  removed  before  screwing  on  the 
cover,  as  they  would  set  up  an  electrolytic  action  and  eat  away  the  lead.  These 
lead -covered  cables  would  be  connected  to  the  switchboard,  and  the  lead  cover- 
ing must  IK?  stripped  off  for  al>out  G  inches,  before  they  make  contact  thereto. 
Also  immediately  on  their  entering  the  house  at  the  other  end,  they  should  be 
similarly  treated,  and  led  into  two  single-pole  cut-outs.  By  this  arrangement 
the  surface-leakage  along  the  lead  on  to  the  cut-outs  will  be  stayed,  and  these 
cables  can  at  any  time  be  isolated  for  testing. 

From  these  two  cut-outs  in  the  house,  we  will  proceed  with  ordinary  600 
megohm  wire  to  the  first  distributing  board,  and  thence  to  the  other  distributing 
Iwards,  at  a  limit  of  5-ampcre  circuits,— that  is  to  say,  each  circuit  must  not 
have  more  than  8  lamps,  each  taking  '6  of  an  ampere. 

Great  care  must  be  displayed  in  the  selection  and  arrangrement  of  the  lamps 
and  fittings.  Commencing  at  the  entrance,— if  there  is  a  lamp  there,— great 
care  must  lie  taken,  not  only  to  place  it  entirely  out  of  reach  of  actual  water, 
but  as  far  as  possible  to  protect  it  from  moist  air,  the  latter  being  quite  sufficient 
to  cause  the  lamp  to  fail. 

The  carriage-drive  lamp,  if  such  should  exist,  we  will  supply  by  two  lead- 
covered  wires  in  a  trough  (similar  to  those  previously  described),  running  from 
two  cut-outs  in  the  house-cellar  right  up  into  the  globe  of  the  pedestal,  which 
be  weatherproof,  remembering  to  strip  back  the  lead  covering  at  each 
end  ibr  a  few  inches;  and  the  switch  we  will  place  in  the  vestibule,  so  that  a 
•errant  can  light  the  lamp  without  leaving  the  house. 

The  lamp*  in  the  hall  should  be  provided  with  so-called  "corridor" switches, 
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one  being  in  the  hall,  and  the  other  on  the  landing  upstairs,  or  in  the  master's 
bedroom,  both  these  switches  being  of  special  construction,  and  for  which 
special  but  simple  wiring  is  necessary,  so  that  the  lamps  can  be  lit  or  ex- 
tinguished by  either  switch.  Thus,  at  dusk,  the  lamps  can  be  lit  by  a  servant 
in  the  hall,  and  at  night  extinguished  by  the  master  after  he  has  retired  to  his 
bedroom,  without  putting  the  switch  in  the  hall  out  of  action  at  all  for  the  next 
day. 

Corridor  switches  can  also  be  fitted  in  bedrooms,  one  at  the  door  immediately 
on  entering,  and  one  at  the  head  of  the  bed. 

In  the  drawing-room,  connection  wall-sockets  are  often  required  for  portable 
lamps,  and  to  prepare  for  all  future  demands  it  is  as  well  to  run  a  pair  of  wires 
right  round  the  room  on  the  wainscot  or  in  the  dado  rail,  to  which  to  connect 
them  without  causing  any  damage. 

With  a  little  thought,  switches  and  their  wires  can  generally  be  entirely 
hidden  if  desired,  and  to  effect  this,  a  point  to  remember  is  that  the  wires  can 
possibly  be  led  to  any  point  on  the  far  side  of  the  wall  on  which  they  are  to  be 
fixed.  Given  sufficient  time  and  money,  it  is  generally  possible  to  wire  a  house 
without  any  of  the  casings  being  visible  in  the  reception  rooms,  or  the  best 
bedrooms. 

In  selecting  the  course  for  the  wires,  water-pipes,  which  may  burst,  and 
troughs  or  baths,  which  may  overflow,  should  be  carefully  avoided.  Special 
care  should  be  exercised  in  false  roofs.  In  stables  and  along  damp  cellar  walls, 
it  is  desirable  to  "  pack  out "  the  casing  by  small  pieces  of  wood,  driven  in  and 
standing  about  one  inch  from  the  wall,  and  to  varnish  the  casings  with  shellac 
inside  and  out,  back  and  front. 

When  the  work  is  completed,  we  may  find  that  the  exhaust  from  the  engine 
makes  a  distressing  noise.  In  such  a  case,  it  must  be  turned  into  a  pit,  dug  just 
outside  the  engine-room,  about  four  feet  square  and  deep,  lined  with  fire-clay 
bricks,  drained,  flagged  at  the  bottom,  and  filled  with  cobbles  the  size  of  a  man's 
fist,  or  gradually  diminishing  in  size  towards  the  top  to  the  size  of  walnuts.  If 
the  exhaust-pipe  is  turned  into  the  bottom  of  this  horizontally,  and  drilled  with 
£-inch  holes  all  over  its  length  in  the  pit,  and  the  pit  is  roofed  over,  allowing  a 
wind-space  of  about  12  inches  between  the  roof  and  the  ground-level,  the  trouble 
will  be  cured. 

Sometimes  the  belt  runs  against  the  flange  of  the  dynamo- pulley,  persistently 
showing  that  it  is  out  of  line;  this  may  perhaps  be  cured  by  simply  "slewing" 
the  dynamo  round  a  little  on  its  rails. 

After  testing  the  insulation,  and  all  being  found  in  order,  we  proceed  to 
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charge  the  cells.  To  take  every  precaution  against  a  mistake,  we  connect  to 
the  two  wires  leading  from  the  engine-room  for  such  charging,  two  small  wires, 
and  with  their  other  ends  we  connect  each  of  them  to  a  piece  of  lead  about  six 
in. -lies  long  by  two  inches  wide,  or  to  a  piece  of  lead  tubing;  each  of  these  two 
pieces  we  fasten  to  a  piece  of  wood,  in  order  to  keep  them  apart,  and  then  stand 
thfiii  in  a  small  jar  of  acid,  having  previously  placed  in  the  circuit  of  this  small 
cell,  which  we  have  made,  a  100-volt  lamp.  We  now  run  the  dynamo  full  speed 
to  give  135  volts  as  shown  by  the  voltmeter,  and  reduce  this  with  our  shunt- 
resistance  to  100  volts,  at  which  pressure  the  lamp  will  allow  only  '6  of  an 
ani|>ere  to  pn,ss  through  the  jar.  After  a  few  minutes  one  of  the  lead  plates 
will  have  turned  brown,  which  will  indicate  that  that  wire  is  connected  to  the 
positive  terminal  of  the  dynamo.  The  positive  terminal  of  each  cell  is  painted 
reel,  and  the  negative  black,  and  as  the  cells  are  being  erected,  red  should  be 
joined  to  black.  When  this  has  l>cen  done,  the  positive  wire  from  the  dynamo 
must  IK?  joined  to  the  jxwitive  terminal  of  one  of  the  end  cells,  and,  having 
poured  in  the  acid,  we  are  readv  for  charging. 

The  following  should  in1  the  course  adopted  in  charging.  Before  starting  the 
enpine  we  connect  the  voltmeter  across  the  accumulators,  with  a  small  switch 
on  the  board  for  that  purjiose,  and  find  they  register  80  volts.  This  is  very 
low.  and  the  cells  will  never  register  so  low  again,  but  being  new  they  are 
absolutely  discharged.  We  now  start  the  engine,  and  run  the  dynamo  at  full 
Hjieed.  when,  as  we  know,  it  will  give  135  volts,  but  this  we  reduce  with  the 
resistance  to  90  volts,  or  ten  more  than  the  cells  give.  We  then  close  the  cell- 
switch,  and  see  by  the  ammeter  that  a  few  amperes  are  going  into  the  cells. 
Thus  we  have  established  the  current  without  causing  a  sudden  rush,  and  can 
now  easily  increase  it  as  desired.  To  do  so,  we  merely  watch  the  ammeter,  and 
as  we  reduce  the  resistance  in  the  shunt-circuit  and  so  raise  the  E.M.F.,  we  see 
the  current  rise  to  40  amperes,  which  we  must  not  exceed.  Indeed,  with  these 
new  cells  it  will  be  best  to  charge  at  30  for  about  ten  hours,  when  we  will 
proceed  at  the  40  amperes  for  the  remaining  twenty  hours,  for  which  time,  at 
least,  we  expect  to  have  to  charge  on  this  first  occasion.  Many  sets  of  cells  have 
been  ruined  by  being  insufficiently  charged  in  the  first  instance.  The  charging 
must  be  continued  until  all  the  cells  boil,  and  turn  quite  opaque  with  "  gasing  ". 

When  these  cells  are  charged,  they  will  give  at  least  2  volts  each,  so  that  a 
"  many-way  "  switch  is  provided,  connecting  (by  a  separate  wire  to  each  cell)  the 
first  few  cells  in  the  circuit;  standing  at  the  board  when  the  charging  is  out,  we 
can,  therefore,  connect  the  cells  to  the  voltmeter  as  previously,  and  connect  only 
such  a  number  of  cells  to  the  circuit  as  will  give  100  volts.  Since,  then,  some 
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of  the  cells  are  not  working  all  the  time,  they  do  not  require  as  much  charging, 
and  so  these  are  provided  also  with  a  many-way  switch.  The  operator  with 
these  two  switches  can  charge  and  discharge  as  many  of  the  cells  as  he  wishes. 

If  the  belt  happens  to  come  off  the  dynamo,  or  the  engine  to  stop,  the 
dynamo  will  have  no  power,  and  the  cells  will  send  a  current  into  it,  since  they 
are  connected  to  it— and  a  powerful  current  too,  as,  when  we  commenced  to 
charge  them,  they  had  an  E.  M.  F.  of  80  volts.  Of  course  the  dynamo  cut-outs 
would  be  fused,  but  to  prevent  this  frequently  happening,  an  automatic 
accumulator-switch  is  used,  which  closes  the  dynamo-circuit  when  it  is  of  a 
superior  E.M.F.  to  that  of  the  cells,  and  opens  it  immediately  it  is  of  an  inferior 
voltage  to  theirs. 

All  the  wires  from  the  cell-room,  leading  to  the  many-way  switches,  must  be 
fitted  with  cut-outs  in  the  cell-room,  close  against  the  cells,  to  prevent  the 
slightest  possibility  of  a  short  circuit. 

We  will  notice,  before  leaving  the  engine-room,  that  printed  instructions 
have  been  framed  and  hung  up  to  instruct  any  attendant  hereafter  appointed  in 
the  management  of  the  plant;  and  that  a  copper  or  brass  oil-can  has  been  pro- 
vided for  the  dynamo,  so  that  it  may  not  be  attracted  by  the  magnetism  (as  it 
would  be  if  of  ordinary  tinned  iron)  and  drawn  into  the  dynamo,  perhaps  doing 
£20  worth  of  damage,  and  that  dynamo-lubricating  and  engine-lubricating  oil 
has  been  provided,  with  a  filter  for  cleaning  it  for  use  again;  the  second  time, 
however,  it  should  be  used  for  the  engine.  And  on  entering  the  house,  we  will 
see  that  similar  notices  are  hung  in  the  servants'  hull,  to  l>e  there  for  many 
years  after  perhaps  the  present  servants  have  left,  pointing  out  that  on  any 
damp  arising  in  the  house  from  any  of  the  causes  described,  the  wires  to  that 
portion  of  the  house  are  to  be  cut  off  at  the  distributing-board,  by  removing  the 
two  fuse-wires,  until  the  damage  is  repaired. 
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PART   IL—GAS. 


BY 

HENRY  CLAY. 


CHAPTER    I. 
METERS. 

All  gas-meters  bear  a  government  stamp,  and  at  times  the  stamp  of  the 
company,  whether  it  be  public  or  private.  The  government  stamp,  affixed 
after  testing  and  payment  of  the  fee  according  to  the  size,  is  a  guarantee  of 
honesty  (for  the  time  being),  but  such  guarantee  is  little  regarded  by  gas 
companies;  some  curious  instances  might  easily  be  given  to  show  that  these 
meters  soon  have  to  be  removed  on  receipt  of  notice.  Gas  companies  favour  a 
particular  class  and  kind  of  meter,  and  it  generally  happens  that  only  those 
meters  likely  to  develop  a  "galloping  consumption"  are  supplied  by  them. 
Meters  that  do  not  show  a  gradual  increase  of  consumption,  or  that  do  not  at 
least  register  the  full  amount  of  gas  consumed,  are  those  that  are  soon  con- 
demned, the  nominal  fault  being  either  "not  registering  correctly",  or  "escape  at 
index",  "index-glass  broken",  "seal  broken",  or  "requires  testing",  although  any 
of  these  faults  may  exist  in  favoured  kinds  for  years,  if  the  consumer  makes  no 
complaint. 

Meters  are  either  "wet"  OP  "dry",  the  former  being  the  favourites;  but  there 
are  great  differences  in  wet  meters,  some  costing  little  more  than  half  the  price 
of  others.  Some  have  cast-iron  cases,  the  more  costly  having  tinned-iron  cases. 
There  are  some  slight  differences  in  regard  to  the  formation  of  the  drum  and 
overflow  arrangements,  and  one  meter  is  known  as  the  "  unvarying  water-line", 
which  seems  to  condemn  all  other  kinds  as  unreliable,  and  consumers  are 
naturally  led  to  think  that  such  a  meter  is  about  the  best  of  its  kind  for  them, 
whereas  the  facts  are  all  the  other  way,  for  it  errs  always  on  the  side  of  the  gas 
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company  and  against  the  consumer  after  it  has  been  in  use  some  time.  The 
dry  metere  register  more  correctly,  but,  if  the  pressure  in  the  street- mains  is 
increased,  they  may  pass  a  little  more  than  indicated.  At  times  they  stop 
registering  altogether,  but  continue  to  supply  gas,  notwithstanding  the  index- 
pointers  being  fixed. 

In  wet  meters  the  quantity  of  gas  is  measured  in  the  drum,  which  is 
suspended  on  an  axle  in  the  water,  as  shown  in  fig.  640,  and  the  revolutions 
of  the  drum  are  transmitted  from  the  axle  to  the  index  by  toothed  gearing 


Uittlrt 


Inl't 


Outlet 


Flf .  840.— £ection»l  ElevaUoiu  of  Wet  Gu- meter. 

A.  Inlet ;  B,  outlet :  0,  float ;  P,  rmlre  and  teat ;  I.  water  tare) ;  r,  supply  pipe  to  drum ;  0,  drainer  boi : 
II,  piiuon  and  wheel  operating  the  dial. 

according  to  the  capacity  of  the  drum.  Wet  meters  require  to  be  fixed  perfectly 
level  on  account  of  the  revolving  drum,  spindle,  water-level,  and  float,  although 
at  times  they  have  to  be  packed  owing  to  the  drum  being  slightly  wrong.  The 
drums  of  wet  meters  are  made  of  pure  sheet  tin  (white  metal).  As  the  water 
falls  the  drum  revolves  more  and  more  slowly,  until  at  length  the  quantity 
passed  is  not  sufficient  to  supply  the  demand,  when  all  the  lights  will  begin  to 
jump,  and,  unless  the  meter  is  attended  to,  the  gas  will  stop  altogether.  This  is 
owing  to  the  float  c  gradually  sinking,  until  at  last  the  valve  seats  itself  at  D, 
and  stops  the  supply  of  gas  from  passing  through  the  meter.  It  will  be  seen 
from  this  that  the  wet  meter  is  constructed  to  stop  the  supply  when  the  water  is 
low,  or,  in  other  words,  as  soon  as  it  begins  to  supply  more  gas  than  is  registered. 
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In  dry  meters  (fig.  641)  the  quantity  of  gas  passing  through  is  measured  in 
the  bellows,  which  open  and  close  alternately.  As  the  gas  enters  the  bellows  on 
one  side  of  the  partitions,  the  bellows  on  the  other  side  are  closed,  and  the 
measured  quantity  of  gas  forced  out  of  them  and  through  a  slide-valve  operated 
by  levers  and  cranks  in  connection  with  the  bellows  and  index.  The  slide- 
valves  prevent  the  return  of  the  measured  gas  to  the  bellows,  and  open  and  close 
alternately  with  the  supply-valves  to  the  bellows.  The  leather  of  the  bellows 
sometimes  becomes  clogged  with  gas  liquor,  or 
stiff  with  the  moisture,  but  the  commonest 
cause  of  failure  is  an  escape  at  the  index, 
owing  to  the  stuffing-boxes  being  worn  out. 
When  the  bellows  become  fixed,  the  index  is 
also  fixed,  as  the  movement  of  the  bellows 
caused  by  the  pressure  of  the  gas  is  communi- 
cated to  all  parts,  and,  although  the  whole  of 
the  movement  may  be  stopped,  there  may  be 
a  small  supply  of  gas  through  leaky  stuffing- 
boxes  and  valves.  Dry  meters  will  work  when 
fixed  unevenly,  but  they  are  much  better 
when  fixed  level.  Dry  meters  are  not  affected 
l>y  frost. 

The  dry  meter  supplies  the  gras  at  the 
outlet  in  the  same  condition  as  it  receives  it. 
Tli is  can  hardly  be  said  of  the  wet  meter,  as 
the  water  in  it  becomes  anything  but  sweet;  and  it  is  just  possible  that,  if  a 
little  more  attention  were  paid  to  the  periodical  renewal  of  the  water  in  wet 
meters,  the  air  of  gas-lighted  rooms  would  be  considerably  improved. 

The  water  in  wet  meters  may  freeze  during  frost,  and  a  slight  thickness  of 
ice  across  the  surface  aiul  on  the. -ides  i-  -utiicicnt  to  hold  thcdiiun  fast  'I  h«- 
manner  of  applying  heat  to  thaw  the  ice  within  a  wet  meter  will  depend  upon 
the  position  of  the  meter.  In  some  cases  hot  water  can  be  used  internally  and 
externally;  in  others,  flannels  dipped  in  hot  water;  and,  where  water  cannot  be 
used,  hot  sand  may  be  placed  on  and  around  the  meter;  and  if  sand  is  not 
available,  use  bags  of  salt.  Hot  bricks  may  be  placed  against  the  meter,  but  are 
not  recommended,  as  at  least  one  death  has  resulted  from  their  use.  Bricks  are 
easily  heated  until  they  are  red-hot,  and  when  placed  against  the  front  of  meters 
having  tinned-iron  cases,  the  soldered  seams  are  melted. 

Where  the  gas-mains  are  below  the  reach  of  frost,  the  incoming  gas  usually 


Fig  Ml  — SecUonal  Elevation  of  l>r>  (i a*  meter 

A,  Spindle  in  communication  will)  dial;  B.  the 
leather  of  the  bellowi  when  cloted;  c,  l>raa»  guide 
and  support  to  bellow*;  i>.  tin  plate 
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the  water  in  the  meter  from  freezing,  if  it  is  not  exposed  to  a  frosty 
current  of  air,  so  that  with  deep  mains,  and  the  meter  protected  by  a  wood 
casing  filled  with  saw-dust  or  hair-felt,  it  will  be  safe  from  frost.  Where  the 
gat  niaiiii  are  above  the  ground,  they  should  be  well  protected  by  being  wrapped 
with  hair-felt  or  other  good  non-conductor,  to  prevent  the  gas  from  being  chilled 
to  such  an  extent  as  to  absorb  the  heat  from  the  water  in  the  meter  as  it  passes 
through,  thus  causing  the  water  to  solidify  during  the  time  it  is  in  use.  In  «uch 
oaimn  the  ice  will  be  broken  in  pieces  aa  soon  as  formed,  but  the  accumulation  will 
soon  be  sufficient  to  prevent  the  drum  revolving  and  supplying  gas.  A  layer  of 
glycerine  on  the  surface  of  the  water  in  a  wet  meter  is  good  to  prevent  loss  of 
heat  from  the  surface  when  the  meter  is  at  rest 

TABLE    XXXIX. 
GAS-METERS—  THEIR   INLETS  AND  OUTLETS,   NUMBER  OF  LIGHTS,  &c. 


Nan*  of  Meter. 

Si/r  of  InlrU 
•ml  Outlet* 

Number  of 
Light*  allowed. 

Stamping  Fee. 

2-light 

I  inch 

5 

64 

3-light 

1 

• 

8 

6d. 

5-light 

9 
4 

12 

6rf. 

10  light 

I 

22 

Is. 

1  5-light 

1 

30 

Is. 

20-light 

4 

40 

Is. 

30-light 

if 

60 

Is. 

50-light 

u 

100 

2s. 

60light 

4 

120 

2s. 

80-light 

i< 

160 

35. 

100-light 

0 

200 

35. 

150-light 

3 

300 

5* 

The  sizes  of  gras-meters  are  known  by  the  number  of  lights,  as  given  in  the 
first  column  of  the  Table  XXXIX.,  which  are  standard  numbers  for  all  kinds  of 
gas-meters  regardless  of  their  shape  or  class.  The  sizes  of  the  inlets  and  outlets 
given  in  the  second  column  correspond  with  the  quantity  of  gas  passing  through 
meters  of  the  several  capacities.  The  figures  in  the  third  column  give  the 
maximum  number  of  lights  that  may  be  supplied  by  any  of  the  meters  without 
interfering  with  their  correct  working.  All  meters  from  10  lights  upwards  are 
capable  of  supplying  at  least  double  the  number  of  jets,  a  10-light  meter  being 
able  to  supply  22  separate  jets,  and  a  100-light  meter  200  separate  jets.  The 
figures  in  the  first  and  third  columns  are  enforced  in  order  that  the  sizes  of 
meters  and  pipes  shall  be  based  upon  the  number  of  jets. 

For  economical  working*,  the  gas-meter  should  always  be  as  small  as  possible, 
in  order  to  thoroughly  break  up  the  pressure  from  the  mains  when  the  meter  is 


not  being  worked  up  to  its  total  capacity,  and  without  causing  the  lights  to 
fluctuate.  At  the  same  time,  care  must  be  taken  in  places  where  a  good  steady 
light  is  necessary,  to  have  the  meter  large  enough  to  allow  of  a  slight  decrease 
of  pressure  in  the  street-main,  without  interfering  with  the  supply  of  gas  passing 
through,  and  in  such  cases  the  total  number  of  lights  should  not  exceed  the 
numbers  given  in  the  third  column  of  the  table,  and  special  main  gas-governors 
and  governor-burners  should  be  used. 

Up  to  100  lights  the  connections  to  the  meters  are  by  means  of  brass 
unions,  and  from  100  lights  upwards  the  connection  will  be  by  bolted  flanges. 

The  stamping*  fees  vary  with  the  size  of  meter,  being  the  same  for  all  makes. 
Meters  bearing  the  stamp  may  be  fixed  anywhere,  notwithstanding  any  rules  of 
gas  companies  to  the  contrary ;  but  it  is  unwise  to  compel  any  company  to  accept 
meters  they  object  to,  as  the  company  will  take  care  that  such  meters  always 
have  something  wrong  with  them,  and  will  make  them  very  costly.  When 
meters  are  condemned,  the  seals  are  broken  and  the  meters  are  sent  to  the 
repairing  shop,  and  are  afterwards  tested  and  restamped. 

The  durability  of  meters  varies  according  to  their  size.  Small  meters 
generally  work  from  eight  to  twelve  years  before  they  need  repairs,  and  last 
from  fifteen  to  twenty  years.  The  larger  sizes  (from  50  to  200  lights)  last  much 
longer,  but  much  depends  upon  the  position  in  which  they  are  fixed,  and  the 
amount  of  work  they  have  to  do. 


CHAPTER   II. 
GAS-PIPES  AND  FITTINGS,  &c. 

Lead  pipe  is  the  most  suitable  for  conveying  gas  in  houses.  It  can  be 
readily  bent  and  fixed  in  all  positions.  The  joinings  can  be  soundly  made,  even 
when  numerous  connections  come  close  together,  and  alterations  or  additions 
are  easily  effected.  Lead  pipes  do  not  corrode,  and  no  dust  is  given  off  to 
choke  up  the  fittings  or  burners.  There  are,  however,  several  disadvantages 
in  the  use  of  lead  gas-pipes,  for,  if  badly  laid,  they  sag,  forming  loops  or  festoons 
between  the  fastenings,  and  these  loops  become  water-logged  owing  to  the  con- 
densation of  vapour,  and  cause  the  lights  to  jump  and  ultimately  go  out  In 
houses  subject  to  vibration  lead  pipes  break,  usually  about  the  staircases,  and 
they  are  also  liable  to  be  pierced  with  nails  when  hanging  pictures  or  ornaments. 


LIGHTING. 

Lead  gas-pipes  are  made  from  inferior  lead,  and  when  buried  in  the  plaster  the 
lime  frequently  affects  the  lead  to  such  an  extent  as  to  cause  it  to  crack  every 
few  inches. 

Composition  pipes  are  not  so  much  used  now  as  formerly.  They  are  harder 
and  stiffer  than  lead,  and  not  so  liable  to  be  affected  by  lime.  They  require  a 
little  more  skill  to  join  neatly,  but  the  joints  are  equally  as  good  and  sound  as 
the  joints  on  lead  pipes. 

Iron  pipes  are  most  suitable  for  workshops,  and  all  other  places  where  the 
pipes  are  exposed,  or  have  to  be  suspended.  They  are  sometimes  used  in  houses, 
and  give  no  further  trouble  after  being  once  properly  fixed,  except  from  rust  and 
dirt. 

The  service-pipe  from  the  street-main  to  about  6  inches  inside  the  house  is 
usually  of  iron  with  ordinary  screwed  joints.  Galvanized-iron  pipes  are  used  in 
some  places,  and  lead  in  others.  Both  lead  and  plain  iron  service-pipes  should 
be  surrounded  with  n  loose  wood  casing,  which,  in  the  case  of  the  iron,  is  after- 
wards filled  with  a  composition  of  pitch. 

Outside  the  premises  a  stop-cock  is  fixed  for  the  use  of  the  company's  men, 
and  another  is  always  fixed  as  soon  as  the  main  enters  the  building.  The  con- 
nection from  this  stop-cock  to  the  meter  is  usually  of  lead,  the  same  size  as  the 
service-pipe  and  tap,  and  is  soldered  to  the  unions  provided  by  means  of  a 
copper-bit  or  spirit  blow-pipe,  using  resin  as  a  fiux. 

The  outlet-pipe  from  the  meter  will  be  the  same  size  as  the  inlet,  and  will 
be  con  tinned — in  the  case  of  houses — past  the  centre  of  the  first  floor,  when  it 
can  be  reduced  to  suit  the  number  of  lights  supplied  by  the  branches.  The 
supply-pipe  to  the  second  floor  will  also  be  of  less  bore,  and  the  same  again 
applies  to  the  third  floor.  With  a  10-light  or  15-light  meter,  the  supply  to  the 
first  floor  will  l>e  1  inch,  to  the  second  J  inch  or  ^  inch,  and  to  the  third  £  inch 
or  |  inch.  Where  there  are  four  lights  to  be  supplied  on  the  first  and  second 
floors,  a  ^-inch  branch  should  be  run  past  the  first  two,  and  afterwards  con- 
tinued with  {-inch  pipe.  The  same  four  lights  on  the  third  floor  would  only 
require  {-inch  pipes  throughout,  owing  to  the  pressure  increasing  the  higher  the 
pipes  are  carried.  In  good  work,  J-inch  pipes  are  seldom  used  on  account  of 
their  weakness,  leakages  being  frequent,  and  because  a  very  small  drop  of 
water  is  sufficient  to  cause  the  lights  to  jump.  If  these  pipes  are  used,  they 
should  never  be  fixed  horizontally  on  this  account,  and  in  some  places  they  are 
not  allowed  at  all. 

In  fixing  the  gas-pipes  care  must  be  taken  to  have  a  continuous  fall  back  to 
the  meter,  in  order  to  prevent  the  lodgment  of  the  condensed  vapour  in  any 
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part  of  the  pipes.  If  sufficient  care  is  taken  in  arranging  the  runs,  there  will  be 
no  necessity  to  fix  syphons;  indeed  syphons  are  usually  a  sign  of  unskilled 
labour.  They  were  at  one  time  pretty  numerous,  but  are  now  rarely  met  with, 
except  where  alterations  or  additions  have  been  made. 

When  the  main  service-pipes  are  laid  in  private  ground  between  the  house 
and  the  street-main,  and  the  distance  is  too  great  to  allow  of  a  fall  to  the  street- 
main,  one  or  more  syphon-boxes  will  be  necessary.  All  such  boxes  are  provided 
with  taps  to  drain  off  the  water  collected  in  them.  When  the  gas-mains  are 
continued  outside  the  house  to  supply  the  out-buildings,  syphons  will  also  lie 
required  according  to  the  position  and  length  of  the  pipes.  A  short  length  of 
iron  pipe  with  the  end  capped  up,  or  a  piece  of  lead  pipe  with  a  tap  at  the  end, 
is  often  used  instead  of  a  syphon-box,  but  requires  to  be  emptied  oftcner  and 
more  regularly  than  the  latter. 

Short  lengths  of  pipe  having  blank  ends  are  termed  syphons  (the  boxes  used 
as  receivers  being  termed  syphon -boxes),  not  because  they  are  syphons,  but 
because  their  predecessors  were  inverted  syphons, — that  is,  a  pipe  l>ent  in  the  form 
of  the  letter  U, — the  water  forming  a  trap  and  preventing  the  escape  of  gas,  so 
long  as  the  water  draining  from  the  pipes  equalled  or  exceeded  that  evaporating 
from  the  exposed  end  of  the  syphon.  In  many  cases 
the  quantity  evaporated  exceeded  the  supply,  with 
the  result  that  serious  explosions  occurred,  and  the 
use  of  the  syphon  was  prohibited;  but  the  name 
still  remains,  and  although  syphon-pipes  and  syphon- 
boxes  are  terms  often  met  with,  it  must  be  understood 
that  they  have  no  connection  with  the  syphon  proper, 
as  they  are  merely  pipes  or  boxes  fixed  to  receive  and 
retain  the  condensed  water. 

In  the  case  of  wet  meters  up  to  50  lights,  the 
pipes  must  be  laid  to  fall  to  the  meter,  the  condensed 
water  helping  to  keep  the  meter  charged.  Where  a 
dry  meter  is  fixed,  the  water  must  on  no  account  be 
allowed  to  drain  into  it.  The  main  supply-pipe  in 
the  building  should  be  carried  down  below  the  meter, 
and  the  outlet-pipe  from  the  meter  branched  into  it  in  such  a  way  as  to  stop  the 
gas  before  the  water  can  overflow  into  the  meter  when  the  syphon  is  full ;  this 
can  be  done,  as  shown  in  fig  642,  by  bending  down  the  end  of  the  outlet-pipe  so 
as  to  bring  the  branch-joint  below  the  underside  of  the  bent  pipe,  thus  form- 
ing a  trap,  which  will  indicate  by  the  fluctuations  of  the  gas-lights  that  the 


Fig.  (Ml— Connection  of  Internal 
(ia*  main  to  Dry  Meter. 
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syphon  is  full     If  connected  as  shown  by  the  dotted  lines,  the  water  can  drain 
into  the  meter. 

The  taps  to  gas-fittings  and  supply-pipes  are  usually  of  the  plain  plug  type, 
having  a  hole  straight  through  the  plug,  a  quarter-turn  either  way  turning  the 
gas  on  or  off.  In  some  fittings,  such  as  hall-lamps,  the  plugs  of  the  taps  have 
only  one  hole  in  the  side  communicating  with  the  interior  of  the  hollow  plug, 
and  a  quarter- turn  serves  to  turn  it  on  or  off,  but  the  plug  must  be  turned  back- 
wards and  forwards  through  the  same  quarter  space,  instead  of  the  two  half 
spaces  in  the  taps  of  chandeliers,  brackets,  and  pendants.  Main  gas-taps  for  lead 
or  iron  pipes  are  plug  taps  of  the  ordinary  kind,  having  a  quarter-turn. 

Gas-governors  are  fittings  arranged  to  open  and  close  the  gas-tap  on  the 
main  supply  according  to  the  number  of  lights  in  use.  The  face  of  the  indicator 
may  IK?  arranged  for  any  number  of  lights,  and  by  turning  the  pointer  to  the 
numU-r  of  lights  in  use,  the  gas-tap  is  opened  or  closed  to  correspond,  thus 
allowing  only  the  amount  of  gas  consumed  by  the  number  of  lights  in  use  to 
pass  through  the  meter.  The  great  advantage  of  an  arrangement  of  this  kind 
is  that,  no  matter  how  high  the  pressure  may  be  in  the  street-main,  it  is 
completely  broken  up  when  the  governor  is  properly  regulated,  and  no  loss  is 
caused  to  the  consumer  by  excessive  pressure.  It  is  useless  to  try  and  regulate 
the  gas-tap  without  an  automatic  arrangement  of  this  kind,  for  the  regulation  of 
the  tap  must  l>e  in  proportion  to  the  number  of  lights  in  use,  and  must  be 
altered  as  lights  are  added  or  put  out.  These  regulators  may  be  fixed  in  any 
convenient  position. 

Bruce.  Peebles,  &  Co.'s  mercurial  gas-governor  for  mains  (fig.  643)  is  not  so 
complicated  in  its  parts  as  most  others.  There  is  no  possibility  of  water  lodging  in 
it  in  such  a  way  as  to  interfere  with  its  working.  It  is  claimed  for  this  governor 

that   it  comes   into  action   at  a  lower  pressure  than 
-^  most  others,  and  as  all  governors  supplied  are  tested 

before  leaving  the  works,  they  will  be  properly  regu- 
lated.    It    may,   however,   be    pointed   out    that   the 
weighting  arrangements  are  not  as  sensitive  as  they 
might  be,  and  to  regulate  the  bell  by  means  of  these 
weights   requires  much  more  patience  and   skill  than 
the  ordinary  gas-fitter  is  likely  to  possess. 
In  the  "Wenham"  gas-governor  (fig.  644)  the  difference  in  the  weighting 
arrangements  will  be  at  once  apparent.     The  principle  of  the  governor  is  the 
aame,  including  a  bell,  mercury  seal,  and  two  valves,  instead  of  the  one  in  the 
former.    In  addition  to  the  improved  weighting  arrangements  (which  consist  of  a 
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lever  with  movable  weight  and  screw),  the  interior  of  the  governor  is  arranged 
to  prevent  it  opening  and  closing  too 
rapidly.     In  use  this  governor  will  be 


Fig.  644. -.Section  of  the  Wenhum  Ou-ROTernor. 


Fig.  «46.— Section  of  the  Stott  OM-gorernor 


much  more  steady  in  operation,  and  can  always  be  relied  upon  to  correct  the  flow 

of  gas  without  causing  the  lights  to 

fluctuate. 

The   "Shaw" 


s     n 


gas-governor 

principle  the  same  as  the  "Wenham", 
with  the  exception  of  the  weighting 
arrangements.  There  is  little  differ- 
ence between  the  "Stott"  and  the 
"Shaw"  g-as-g-overnors.  In  principle 
and  weighting  they  are  alike.  In 
construction  they  differ  slightly,  the 
ways  in  the  "  Stott"  (fig.  645)  being 
larger  and  clearer  than  in  the  "Shaw" 
(fig.  646).  The  construction  of  the 
"  Shaw"  allows  it  be  taken  to  pieces 
and  cleaned  much  more  readily  than 
the  "Stott".  In  regard  to  actual  gas- 
governing  capabilities,  they  may  be  set 
down  as  exactly  alike,  there  being  no  difference  in  principle  or  weighting;  but 


Fig.  «4«.— Section  of  the  Sh*w  GM-goTWtior. 
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Fig.  048— Brace,  Peebles,  A  Co  '• 
"Automatic"  UM-guvernor  (or  Stove* 
and  Fire*. 


when  compared  with  the  "Wenham",  both  the  "Stott"  and  the' "Shaw"  fail, 
owing  to  the  faulty  system  of  applying  the  weights. 

The  "needle"  governor  burner  (fig.  647)  is  a  gas-burner  constructed  to  pass 
a  given  quantity  of  gas,  and  to  thoroughly  break  up  the  pressure,  thus  main- 
taining an  uniform  consumption  under  varying  pressures.  These 
burners  effect  a  considerable  saving  of  gas,  and  it  is  impossible 
to  have  a  smoky  flame,  as  the  whole 
of  the  gas  is  consumed,  and  the 
maximum  amount  of  illumination 
(with  an  open -flame  burner)  is 
therefore  attained.  The  "automatic" 
governor  (fig.  648),  made  by  the  same 
firm,  is  designed  to  control  the  quan- 
tity of  gas  supplied  to  gas-fires  and 
stoves.  By  means  of  the  regulating 
screw  underneath,  the  quantity  of  gas 
delivered  can  be  easily  adjusted  to  suit  the  capacity  of  the  stove  or  fire.  It  is 
a  simple  and  efficient  governor. 

By-pass  taps  are  used  for  keeping  small  jets  continually  burning  in  such 
positions  that  the  whole  of  the  lights  in  connection  with  them  will  be  properly 
lit  by  simply  turning  the  gas  on  to  the  full.  They  are  also  used  in  churches  and 
theatres,  where  the  lights  are  often  turned  down  to  prevent  overheating  as  well 
as  unnecessary  consumption.  By-pass  taps  may  be  regulated  to  give  a  mere 
glimmer  of  light  or  up  to  a  quarter  of  the  full  supply.  Small  by-pass  taps  are 
necessary  where  the  fittings  are  in  such  positions  as  to  be  practically  inaccessible 
for  lighting  by  hand,  and  in  many  places  they  save  a  large  amount  of  time,  as 
all  that  is  necessary  where  they  are  provided  is  to  turn  on  the  supply. 

The  connection  of  gas-pipes  to  fittings,  including  stoves,  gas-fires,  and 
cook  ing- ranges,  should  l>e  by  brass  unions.  In  some  cases  the  unions  will  form 
part  of  the  gas-taps,  and  in  others  they  will  be  complete  in  themselves.  The 
unions  should  be  those  known  as  ground  unions,  requiring  no  packing  materials. 
They  should  also  be  used  when  connecting  pipes  of  different  metals,  such  as 
iron  to  lead,  and  lead  to  copper. 

Blocks  or  pateras  are  used  for  the  purpose  of  fixing  brackets  and  pendants. 
The  block  is  secured  to  a  fixing  in  the  wall  or  ceiling,  and  the  fitting  is  after- 
wartU  secured  to  the  block.  In  the  commoner  class  of  fittings  the  blocks  are 
from  4  to  8  inches  in  diameter,  and  }  to  1  inch  thick,  the  edge  moulded  or 
carved.  In  the  better  class  of  fittings  the  blocks  must  be  made  to  match  the 
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back  of  the  fitting,  the  shapes  of  which  have  been  considerably  improved  during 
recent  years. 


CHAPTER    III. 
GAS-BURNEBBL 

The  ordinary  Bray's  burner  is  the  one  in  most  general  ii.se.  It  is  in  no  sense 
a  governor,  although  it  is  arranged  to  check  the  pressure,  and  requires  to  be 
selected  according  to  the  amount  of  light  required,  and  the  pressure  of  the  gas- 
supply.  Only  a  governor-burner  can  be  fixed  without  regard  to  the  pressure  of 
the  supply,  and  as  the  "  Bray "  is  not  a  governor,  a  selection  must  l>e  made. 
Three  kinds  are  shown  in  section  in  fig.  649.  The  commonest  form  A  has  a 
canvas  screen  fixed  inside  the  body,  and  the  "  special "  burner  has  an  enamel 
plug  in  addition  to  the  canvas  screen. 
The  hole  through  the  enamel  plug  is 
graduated  to  suit  the  various  pres- 
sures, and  the  holes  or  slits  in  the 
burner  heads.  To  get  the  full  amount 
of  illumination  obtainable,  the  size 
of  the  burner  must  be  decided  upon 
after  testing  the  various  sizes.  No.  3 
and  No.  4  union-jet  burners  give 
good  results  in  most  cases.  All  the 
"specials"  are  good  when  selected  to 
suit  the  varying  requirements  in  each 

J 

particular  case. 

The  consumption  of  gas  with  any  particular  size  of  burner  will  vary  with 
the  pressure  as  well  as  the  quality  of  the  gas  supplied.  This  also  applies  to  the 
caudle-power  of  all  burners;  the  tabulated  results  of  tests,  giving  illuminating 
power,  consumption,  and  pressure,  are  of  little  value,  except  as  showing  the 
varying  efficiencies  at  the  particular  time  and  place  of  testing.  The  quality  of 
the  gas  supplied,  as  well  as  the  pressure,  varies  so  much  that  it  would  be  unfair 
to  select  any  series  of  tests  and  use  them  to  decide  the  relative  merits  of  the 
various  burners.  To  set  down  the  tabulated  results  of  tests  made  for  the  rival 
manufacturers  of  gas  appliances  would  be  very  misleading,  as  in  most  cases  such 
tests  are  made  at  the  pressure  most  suitable  for  the  particular  burner.  In  a  test 
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Fig.  640.— Sections  of  three  Bray's  Oas- burners 

i.  burner  with  union  JeU;  B.  special  slit-union  burner:  c.  sUixlanl 
silt-union  burner  (made  In  sixes  from  30  to  80  candle-power) 
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made  to  ascertain  the  effect  of  increased  pressure  upon  the  quantity  of  gas  con- 
sumed, it  was  found  that,  with  a  small  burner  at  two-tenths  pressure,  there  was 
a  consumption  of  1*890  cubic  feet  per  hour;  and,  increasing  the  pressure  by 
tenths,  it  was  found  that,  at  ten- tenths,  there  was  a  consumption  of  4*800  cubic 
feet  per  hour,  the  average  increase  of  consumption  for  every  tenth  of  pressure 
being  0*3  cubic  feet  per  hour.  Here  the  quality  of  the  gas  and  the  illuminating 
power  of  the  burner  are  neglected,  but  it  will  be  seen  that  the  consumption  of 
gas  increases  or  decreases  according  to  the  pressure.  In  order  to  compare  fairly 
the  tests  of  rival  burners,  it  is  necessary  to  know  not  only  the  pressure  and  the 
consumption  of  gas  in  cubic  feet  per  hour,  as  well  as  the  candle-power,  but  also 
the  Duality  of  the  gas.  The  standard  illuminating  power  of  the  gas  supplied 
in  the  various  cities  and  towns  varies  considerably,  and,  besides  this,  there  is 
always  a  slight  variation  in  quality  even  in  the  same  locality. 

The  albo-carbon  burner  was  designed  to  achieve  the  carburation  of  coal-gas 
by  the  admixture  of  hydro-carbon  vapour.  It  consists  of  a  receptacle  or  generator 
for  the  "  nllx>-carbon  ",  this  material  being  vaporized  and  mixed  with  the  gas 
before  the  Hame  is  reached.  It  is  claimed  that,  by  using  an  8-light  albo-carbon 
cluster  of  the  kind  suitable  for  shop  windows,  the  lighting  power  is  over  8-^ 
standard  candles  for  every  cubic  foot  of  gas  burned,  as  against  3  candles  per  cubic 
foot  when  <ras  is  burned  in  the  ordinary  way.  To  charge  the  generator,  unscrew 
the  cap  of  the  feeding-screw  provided,  and  fill  the  vessel  with  pieces  of  the  albo- 
carUm,  taking  care  not  to  injure  the  screw,  and  also  to  properly  screw  up  the 
cap  to  prevent  leakage.  When  the  gas  is  first  lighted,  the  albo-carbon  in  the 
generator  will  be  solid,  and  some  few  minutes  must  elapse  before  the  heat  from 
the  Hame  is  sufficient  to  volatilize  it,  and  thus  cause  it  to  issue  from  the  burners 
with  the  coal-gas,  which  is  thoroughly  carlmretted  by  the  admixture  of  the 
hydro-cartion  vapour.  Care  must  be  taken  not  to  move  or  shake  the  generator 
whilst  warm,  as  the  alta-carbon  is  then  in  a  liquid  state,  and  will  block  up  the 
tubes  and  burners.  It  is  a  cheap  and  effective  system,  well  recognized  and 
appreciated  by  the  public,  who  have  adopted  it  where  a  brilliant  and  steady 
Uluminant  is  required  at  a  moderate  cost,  but  it  is  somewhat  dirty  in  use. 

Argand  burners  are  a  great  improvement  on  the  ordinary  burner,  and  give  a 
steady  light  of  considerable  power.  They  were  first  invented  by  Aime  Argand, 
who  was  born  at  Geneva  in  1755,  and  were  of  course  designed  for  oil-lamps. 
The  principle  has  since  been  successfully  applied  to  gas-burners.  It  consists 
essentially  of  an  annular  cylinder;  the  gas  enters  the  annular  space  and  escapes 
through  a  series  of  small  holes  in  the  upper  edge  of  the  cylinder,  forming  a  cir- 
cular flame,  to  which  the  air  has  access  on  both  sides.  A  chimney  is  necessary  to 
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create  a  draught  and  steady  the  flame,  and  to  obtain  the  greatest  illumination. 
A  section  of  Sugg's  argand  burner  is  shown  in  fig.  650,  which,  although  a  little 
more  complicated,  answers  to  the  foregoing  description. 

Regenerative  gas-burners,  which  are  all  more  or  less  indebted  to  Siemens's 
original  patent,  now  form  a  very  important  class  of  fittings,  the  central  idea 
being  to  raise  the  air  and  gas  to  a  higli  tern 
perature  (by  means  of  the  products  of  combus- 
tion) on  their  way  to  the  actual  burner. 


Ktg.  WO.— Section  of  BURR'S  Argand  Bonier. 

A,  bottom  plate;  B,  screw  regulating  supply  to  burner  from 
gasholder,  K  ;  c  and  i>,  two,  oat  of  three,  tubes  through  which  the 
gas  is  conducted  to  combustion  chamber,  B;  0,  air-cone,  regulating 
ileli very  of  rxir  to  ouUlde  «f  flame ;  11,  one  of  the  wires  which  hold 
chimney:  J,  wire  support! ng  globe:  K,  leathern  gas-holder  to  which  is 
attached  ralve,  L,  controlling  admission  of  gas:  M,  support  for  shade. 
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Kig.  051.-  Elevation  of  Wvnham  Lamp 


The  Wenham  gas-lamps  are  of  this  kind.  Tlie  ordinary  Wenham  lamp, 
illustrated  in  fig.  651,  consists  of  a  burner  inclosed  in  a  glass  cup.  The  air- 
supply  to  the  burner  is  drawn  thiough  the  outer  casing,  and  passes  away 
along  with  the  products  of  combustion  through  the  inner  tube  back  into  the 
apartment.  During  the  passage  of  the  air  to  the  burner,  it  receives  heat 
from  the  inner  tube,  and  is  redelivered  into  the  apartment  in  a  highly- 
heated  state.  These  lamps  more  nearly  approach  a  gas-stove  than  any  other 
fitting  I  know,  and  are,  on  this  account,  unsuitable  for  household  lighting 
purposes,  unless  a  special  outlet  flue  is  provided  for  the  products  of  combustion, 
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m  ahowD  in  fig.   652.     The  light   itself  is  good  and  steady  when  properly 
regulated  and  governed,  but  this  is  of  course  the  difficulty. 

These  lamps  require  to  be  cleaned  oc- 
casionally, the  inner  tube  at  times  being 
choked  with  soot,  especially  when  the 
spreader  of  the  burner  is  faulty,  or  the 
pressure  and  quality  of  pas  unsuitable. 
When  these  lamps  explode  in  lighting,  the 
soot  is  loosened  and  the  inner  tul>e  partially 
cleared,  the  soot  floating  alxnit  and  settling 
on  the  various  articles  in  the  room.  When 
by-pass  taps  are  provided,  there  will  be  no 
explosion  on  lighting,  but  there  is  more 
probability  of  the  inner  tul>e  being  blocked 
with  soot.  They  are  most  suitable  for  halls, 
corridors,  and  other  places  where  there  is  a 
free  current  of  air. 

A  vertical  section  through  the  Wenlmin 
burner  is  given  in  fig.  653.  A  is  the  actual 
burner  of  cylindrical  form,  held  in  position 
by  the  ring  B;  if  this  Incomes  loose,  gas  will  leak  inside  and  prevent  the  gas 
burning  white.  The  button  i>,  if  bent  or  made  untrue,  will  also  distort  the 
flame.  The  gas  enters  at  L  and  is 
heated  in  its  passage  through  the 
spaces  p  p.  The  heated  air  passes 
through  the  gratings  cc  and  GG, 
and  so  impinges  on  both  sides  of 
the  ring  flame,  which  is  shown  by 
the  dotted  lines  M  M.  It  will  be 
noticed  that  the  flame  is  the  lowest 
part  of  the  lamp,  and  consequently 
no  shadow  is  cast  downwards. 

The  incandescent  gas-light  pos- 
aeases  great  advantages  over  the 
older  methods  of  illumination,  and 
even  over  the  electric  light.  It  is 
claimed  that  (1)  it  saves  half  the  gas  required  for  ordinary  burners,  whilst  giving 
at  least  three  times  the  light;  (2)  the  reduced  consumption  of  gas  results  in 


Fig.  661-Wenhmm  Ventilating  Lamp. 

A,  Iron  ceiling-box  .  B.  outlet  for  vitiated  air,  Ac.,  from 
lamp;  c,  iheet-iron  outlet  shaft  to  flue;  D,  gat-supply  pipe; 
K,  non-conducting  material  around  box  and  shaft. 


Flf  668. -Vertical  .Section  through  the 


A.  perforated  porcelain  cylindrical  burner;  B,  ring  holding  the 
burner  In  poaltlon;  c,  perforated  disc;  ».  perforated  button;  E.  rod 
supporting  the  button ;  T.  way  for  gas ;  0,  perforated  dome ;  B,  ring 
for  supporting  globe,  secured  by  a  bayonet  catch;  J,  reflector,  K.  ex- 
ternal cylinder;  L,  ga»  supply  pipe ;  M,  the  flame. 
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less  carbonic  acid  and  less  heat  being  generated  than  with  ordinary  burners; 
(3)  the  burner  being  on  the  bunsen  principle,  and  being  so  constructed  as  to 
ensure  perfect  combustion,  is  almost  smokeless.  There  are  now  several  rival 
incandescent  burners,  but  the  Welsbach  is  still  the  best.1 

The  ••  C  "  Welsbach  burner  gives  a  light  of  about  60  candle-powers,  with  a 
consumption  of  3j  cubic  feet  of  gas  per  hour.  The  ordinary  open-flame  gas- 
burner  gives  about  15  candle-powers,  with  7  cubic  feet  of  gas  per  hour.  The 
illumination  from  the  incandescent  gas-burner  is  therefore  about  four  times 
greater,  whilst  using  only  one-half  the  gas. 

With  the  common  type  of  gas-burner  there  is  practically  no  expense  in  first 
cost  and  maintenance,  but  from  the  figures  given  it  will  be  seen  that  the  pay- 
ment for  the  gas  passing  through  them  is  altogether  out  of  proportion  to  the 
quantity  of  light  obtained.  It  would  require  four  ordinary  gas-burners,  each 
consuming  7  cubic  feet  per  hour,  a  total  of  28  cubic  feet  per  hour,  to  equal  the 
illumination  from  one  "C"  incandescent  burner,  consuming  3j  cubic  feet  per 
hour.  The  extra  cost  of  the  incandescent  gas-burners,  together  with  the 
renewals  of  mantles,  chimneys,  and  globes,*  will  be  saved  in  from  one  to  two 
years  according  to  the  amount  of  gas  consumed.  When  compared  with  the  best 
regenerative  systems  of  gas-lighting,  the  incandescent  light  does  not  show  so 
large  a  saving.  In  order  to  get  a  light  of  280  candle-powers,  with  gas  at  three 
shillings  per  thousand  cubic  feet — 

With  plain  burners  the  cost  would  be  about  4d.  per  hour. 
„     argand  „  „  „  3d.        „ 

„     regenerative   „  „  „  Id. 


incandescent  "C  "  burners 


i  • 
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1  Experiments  by  Prof.  W.  Wedding,  of  Berlin,  on  the  relative  value  of  five  different  incandescent  burner*,  were 
published  in  the  Journal  fiir  (tatbrleuchtuny  for  1895,  and  the  following  table  contain*  an  abstract  of  the  result*. 
The  table  is  interesting  not  only  for  purposes  of  comparison,  bat  also  because  it  shows  the  gradual  deterioration  of 
even  the  beat  mantles. 

TABLE  XXXIX  A. 
COMPARISON  OF   INCANDESCENT  GAS  BURNERS. 


NAME  or  BVRSIR. 

Count-union  or  GAS  rn  HOC*. 

I  LICK  IX  ATI  KO  POWWL 

When  flnt  lighted. 

After  23*  boon1 
use. 

When  ttnt  lighted 

After  t3S  boon* 

OS*. 

Auer  (Welsbach),  

cub.  ft. 
3-81 
3-67 
8-74 
3'«0 
3-60 

c«b.rt 

:•;  M 
3-85 
3'88 
3-92 
3-88 

candles. 
67-3 
20-1 

H4 

M-7 

randies 
38-4 
13-S 
6-4 
4-0 
9-8 

Trendal,  

Benaa, 

Btotnrannfii,  .. 

Further  particulars  of  the  experiments  will  be  found  in  The  Proceeding!  of  tie  Jmtitvtion  of  Ciril  Engineer*, 
VoL  CXXL,  Part  III.—  ED. 

•The  number  of  breakages  is  very  largely  reduced  when  the  burners  am  suspended  from  springs  and  the  gas 
admitted  by  flexible  tubes,  as  in  the  A.V.I.L.  apparatus;  this  is  now  adapted  for  brackets  as  well  as  for  pendants.—  ED. 
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The  cost  of  the  incandescent  light  is  therefore  about  one-half  that  of  the 
regenerative,  and  only  one-eighth  that  of  the  plain  burners. 

The  following  is  taken  from  the  report  of  Professor  Carlton  Lambert,  M.A., 
F.R.A.S.,  dated  July  27,  1894: — "The  Welsbach  light  is  nearly  seven  times  as 
efficient  in  illuminating  effect  as  ordinary  gas-burners,  more  than  four  times 
M efficient  as  an  "argaud",  and  more  than  twice  as  efficient  as  a  regenerative 
lamp.  From  theoretical  considerations,  it  is  evident  that  the  quantity  of 
carbonic  acid  actually  produced  by  each  foot  of  gas  burned  must  be  the  same 
with  the  "  Welsbach  "  as  with  the  "  Bray  ",  or  any  other  burner  with  which  the 
consumption  is  perfect  The  vitiation  of  the  air  by  the  "Welsbach"  light  is 
almost  negligible,  being  between  one-fifth  and  one-sixth  part  of  that  produced 
by  ordinary  burners  giving  the  same  amount  of  illumination.  The  heat  evolved 
by  "  Welsbach  "  burners  is  a  little  less  than  one-seventh  part  of  that  emitted  by 
ordinary  gas-burners  giving  the  same  illumination"  I  have  italicized  portions 
of  this  quotation,  lest  they  should  be  overlooked.  The  illuminating  power  of 
the  "  Welsbach  "  burners  is  excessive,  and,  in  house-lighting,  a  large  proportion 
is  wasted.  One  *'  Welsbach  "  giving  60  candle-powers  should  be  sufficient  for  a 
medium-sized  room  requiring  four  No.  5  Bray  burners.  In  practice  it  will  be 
found  thnt,  owing  to  the  intensity  of  the  light,  heavily-muffled  and  tinted  globes 
and  shades  must  be  used,  necessitating  the  fixing  of  (perhaps)  three  "Welsbach" 
burners  instead  of  one.  For  this  reason  the  comparisons  in  the  last  two  sentences 
of  the  report  are  somewhat  misleading. 

The  special  "Lancet"  Commission  reported  in  January,  1895,  much  more 
clearly,  the  four  most  important  "conclusions"  being  as  follows: — 

u  1.  The  burner  (with  or  without  the  mantle)  is  not  prejudicial  to 
health. 

"  2.  The  heat  and  carbonic  acid  produced  by  the  combustion  is  [sic]  one- 
half  those  of  an  ordinary  gas-burner,  though  the  light  given  is  more 
than  three  times  as  great 

"  3.  The  heat  and  carbonic  acid  produced  is  [sic]  less  even  than  those  of 
the  average  oil-lamp.  .  .  . 

"  5.  There  is  not  a  trace  of  any  poisonous  gases — such  as  carbon-monoxide 
or  acetylene — in  the  products  of  combustion." 

It  U  clear  from  these  reports  that  the  incandescent  system  of  gas-lighting  is 
to  be  highly  recommended  on  account  of  its  illuminating  power,  small  consump- 
tion of  gas,  and  consequent  slight  vitiation  of  the  atmosphere. 
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There  are  five  descriptions  of  Welsbach  incandescent  burners   issued  for 
domestic  lighting: — 

1.  The  "C"  burner. 

2.  „  „         with  governor. 
3-      i.  tt  »    ty-pML 

*•      n  ii  i,    governor  and  by-paw. 

»•       »  "S"    „  „     by-paw. 

The  construction  of  the  burner,  and  the  method  of  taking  it  to  pieces  for  cleaning 
or  regulating,  and  also  for  the  refitting  of  mantles,  will  be  understood  from 
figs.  654,  655,  656,  and  657. 

The  "C"  burner,  complete  with  mantle  and  chimney,  is  shown  in  fig.  654, 
about  one-half  the  real  size,  and  the  several  parts  are  shown  in  fig.  655.     This 


fig  OM.-Welibmch 
Incandescent  "C" 
Burner. 


Kig.  «6.-PmrU  of  the  Welnharh  Tnrandncent  "C"  Boner. 


burner  is  regulated  to  consume  3j  cubic  feet  of  gas  per  hour,  at  a  pressure  of 
one  inch.  If,  however,  for  local  requirements,  it  is  necessary  to  regulate  the 
burner  to  suit  a  higher  or  lower  pressure,  instructions  to  that  effect  should  be 
given  when  ordering.  The  regulating  of  the  burner  may,  however,  be  done  by 
means  of  the  "  broach  ",  illustrated  in  fig.  656.  If  the  holes  in  the  nipple  c, 
fig.  655,  are  too  large,  they  can  be  burnished  down  by  the  round  end  of  the 
broach,  until  the  holes  are  sufficiently  small  to  pass  just  the  amount  of  gas 
required.  Should  the  holes  be  too  small,  then  the  needle  in  the  same  broach  is 
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used  to  increase  their  size.  Only  a  very  slight  enlargement  of  the  holes  is 
necessary  to  make  them  of  the  required  size.  In  fig.  655  A  is  the  gallery,  on 
the  top  of  which  is  a  small  hole  a,  into  which  fits  the  central  mantle-rod  Q.  It 
also  supports  the  chimney;  and  the  globe-ring  K,  which  carries  the  globe,  slips 
over  and  rests  on  the  outside  of  the  gallery.  The  part  B  is  the  bunsen  tube,  and 
c  the  nipple,  which,  when  screwed  together,  form  the  complete  bunsen  burner. 
D  shows  a  plate  which  slips  over  the  bunsen  as  far  as  the  shoulder,  and  prevents 
the  lighting  back  so  frequent  in  all  bunsen  burners.  F  is  a  brass  nose-bit  or 
"  adapter "  with  male  threads,  the  larger  end  made  to  screw  into  the  bottom  of 
the  nipple  under  the  burner,  and  the  tapered  end  to  screw  into  the  burner- 
socket  on  the  gas-fitting. 

The  "C"  burner  with  governor  is  in  all  respects  the  same  as  the  ordinary 
"C"  burner,  with  the  addition  of  a  small  governor  underneath,  and,  in  conse- 
quence of  this,  the  air-holes  of  the  bunsen  burner  have  to  be 
made  somewhat  larger.  This  "C"  burner  with  governor  is 
recommended  in  all  instances  where  the  pressure  of  gas  Yaries 
greatly.  There  is  no  doubt  that  the  duration  of  the  mantle  and 
chimney  is  greatly  shortened  by  extreme  variation  in  the  pres- 
sure of  the  gas,  and  a  great  saving  will  be  effected  if  a  governor 
is  used,  as  it  keeps  the  bunsen  flame  always  steady,  the  con- 
sumption of  gas  is  always  the  same,  and  the  breaking  of  the 
mantles  and  chimneys  is  greatly  reduced.  The  governor  is  so 
adjusted  that  the  necessary  amount  of  gas  to  bring  the  mantle  to 
full  incandescence  is  obtained  with  -^jths  pressure,  and  however 
the  pressure  may  increase,  the  burner  will  not  consume  more 
than  3  J  cubic  feet  of  gas  per  hour. 

The  "C"  burner  with  by-pass  is  shown  in  fig.  657.  The 
feature  of  this  burner  is  a  lever  arrangement,  either  with  or 
without  chains,  which,  on  being  turned  up  after  opening  the  gas- 
tap,  allows  the  burner  to  be  lighted  as  would  be  the  ordinary 
"C"  burner,  but  if  the  gas-tap  is  left  open,  and  the  lever  of  the 
by-pass  turned  down,  then  the  bunsen  flame  is  extinguished, 
but  at  the  same  time  a  small  jet  is  kept  burning  inside  the  mantle.  By  this 
arrangement  the  relighting  of  the  bunsen  burner  can  be  effected  by  simply 
raising  the  by-pass  lever  again.  It  is  a  very  simple  arrangement,  and  strongly 
recommended. 

Oreat  care  should  be  token  with  burners  of  this  kind,  as  the  small  brass  tube 
inside  the  bunsen  burner  must  always  be  kept  in  its  proper  position.     By  taking 
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off  the  gallery  from  the  bunsen  tube,  it  will  be  seen  that  inside  it  is  a  small 
brass  tube.  When  the  gallery  is  replaced,  care  must  be  taken  that  the  lighting- 
back  plate  stands  with  its  curved  edge  upwards,  and  that  the  three  bottom  brass 
points  of  the  gallery  come  right  down  on  to  it  The  object  of  this  is  to  ensure 
that  the  little  tube  enters  the  socket  inside  the  gallery.  If  the  tube  does  not 
enter  the  socket,  then  the  by-pass  will  not  work  properly,  and  the  gas  will 
bubble  on  the  gauze  of  the  bunsen  burner,  make  an  unpleasant  noise,  and  create 
an  objectionable  smell  by  escaping.  Every  burner  is  manufactured  so  that  this 
small  tube  fits  exactly  into  the  inner  hole  of  the  by-pass;  but  sometimes  it  gets 
knocked  out  of  its  position,  and  then  it  must  be  bent  so  that  it  fits  correctly 
again  into  the  hole  referred  to,  in  the  inside  brass  top  of  the  gallery. 

By  the  employment  of  the  by-pass  burner  a  great  economy  in  the  use  of  gas 
may  be  obtained,  as  people  using  it  would  soon  get  into  the  habit  of  turning 
down  the  gas  when  it  is  not  required,  feeling  that  there  would  be  no  trouble  in 
relighting  it  when  necessary.  The  by-pass  jet  consumes  about  2  cubic  feet 
of  gas  in  24  hours,  so  the  consumption  of  gas  need  not  l>e  taken  into  account, 
as,  if  it  burned  for  the  whole  year  with  gas  at  3*.  per  thousand,  it  would  not 
consume  more  than  about  2s.  worth.  In  bedrooms  the  by-pass  jet  answers  the 
purpose  of  a  night-light,  as  it  gives  just  sufficient  light  to  mark  its  position  but 
not  more. 

The  "C"  burner  with  by-pass  and  governor,  is  the  ordinary  "C  "  burner  with 
the  additions  of  by-pass  tap  and 
governor  as  described  above. 

The  "S"  burner  with  by-pass  is 
made  on  the  same  principle  as  the 
"C"  burner  with  by -pass.  It 
gives  approximately  only  30  to  35 
candles,  and  for  house- purposes  this 
is  often  quite  sufficient.  This 
burner  is  regulated  to  consume 
2^  cubic  feet  of  gas  per  hour,  at 
1  inch  pressure.  In  comparison 
with  an  ordinary  Bray  burner,  it 
consumes  only  one-half  the  quan- 

Flf .  6M.-Thr««-Ucht  IncuxlewMit  VcnUUtinc  Uunp. 

tity  of  gas,  whilst  giving  double 

the  amount  of  light,  one-half  the  quantity  of  heat,  and  one-half  the  quantity  of 

carbonic  acid. 

As  the  quantity  of  heat  given  off  by  all  burners  (including  the  incandescent) 
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is  the  same  per  cubic  foot  of  gas  consumed,  the  incandescent  (consuming  as  it 
does  only  one-half  the  amount  required  by  a  No.  5  Bray  burner)  will  only 
give  off  half  the  amount  of  heat,  and  will  therefore  be  less  efficient  when 

used  for  the  purpose  of  extracting  air 
for  ventilation.  Where  there  are  clus- 
ters of  incandescent  lights,  however, 
the  total  amount  of  heat  given  off  will 
be  a  valuable  aid  to  ventilation,  as  the 
up-currents  through  the  chimneys  will 
carry  the  whole  of  the  heat  and  carbonic 
acid  away  through  the  flues  provided, 
as  well  as  induce  a  current  of  air  from 
the  apartment.  Two  ventilating  lamps 
are  shown  in  figs.  658  and  659;  the 
smaller  (fig.  658)  carries  away  the  pro- 
ducts of  combustion  from  the  burners, 
and  ventilates  the  room  by  withdraw- 
ing air  at  the  level  of  the  ceiling.  In 
the  larger  lamp  (fig.  659)  there  are  no 
openings  at  the  ceiling-level;  the  air 
must  enter  from  beneath  the  glass 
shade,  making  it  impossible  to  thor- 
oughly change  the  air  in  a  moderate- 
sized  room.  All  the  heat  and  products 
of  combustion  pass  away  through  the 
casing  to  the  flue  provided  above  the 
fitting. 

The  principle  adopted  is  the  same 
as  in  the  "Wenham"  lamp,  as  both 
lamps  draw  the  supply  of  air  (necessary 
for  the  complete  combustion  of  the  gas 
passing  through  the  burners)  from  the 
apartment,  and  pass  it  away,  by  means 
Both  kinds  of  lamps  are  also  adapted  to 
induce  a  current  of  air  to  pass  through  the  perforations  at  the  ceiling-level,  in 
the  direction  of  and  through  the  same  flue  as  the  heated  air  and  products  of 
combustion.  The  "Wenham"  lamp  is  much  superior  to  the  incandescent  for  the 
purpose  of  creating  and  maintaining  a  current  of  air  in  one  direction  from  the 
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of  an  inside  tube,  to  the  flue  alx>ve. 
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apartment,  owing  to  the  consumption  of  gas,  and  the  heat  given  off  being 
greater.  Provision  must  also  be  made  for  a  larger  volume  of  air  to  pass  through 
the  casings  of  the  "  Wenham",  thus  ensuring  a  more  rapid  and  thorough  ventila- 
tion of  the  apartment. 

With  most  ventilating  lamps,  reflectors  of  various  shapes  and  materials— 
for  fixing  internally  or  externally  and  sometimes  both — are  required  to  reflect 
the  light  downwards,  owing  to  the  lights  themselves  being  kept  as  near  as 
possible  to  the  ceilings.  Opal  reflectors  do  not  darken  the  ceilings  above  them 
so  much  as  metal  or  silvered  glass  reflectors,  and  are  therefore  much  better.  It 
is  not  customary  to  use  reflectors  with  other  classes  of  house-fittings,  except  in 
the  case  of  billiard-table  lights  and  reading-lamps,  and  with  both  these  fittings 
the  cardboard  shades  are  used  more  to  protect  the  eyesight,  owing  to  the  flame 
being  much  lower  than  when  used  for  ordinary  lighting  purposes.  Such  shades 
are  usually  green  outside  and  white  inside,  the  white  acting  as  a  reflector,  but 
not  to  the  same  extent  as  the  materials  usually  employed.  Silvered  copper  and 
glass  are  the  best  reflectors,  but  lx)th  appear  to  be  fast  dying  out,  porcelain- 
enamelled  iron  being  now  used  when  nubjected  to  great  heat,  and  opal  glass  in 
other  cases. 

The  burners  used  for  oil-gas  are  ordinary  "  Brays ",  but  instead  of  using 
Nos.  3,  4,  or  5  as  with  coal-gas,  burners  numbered  0000,  000,  00  are  required. 
Although  these  sizes  appear  very  small  in  eonij>arison  with  the  ordinary  coal-gas 
burners,  they  will  be  found  to  give  a  light  at  least  equal  to  the  coal-gas  burners, 
owing  to  the  greater  illuminating  power  of  the  oil-gas.  It  is  also  found  that 
this  gas  gives  better  results  than  coal-gas,  when  it  is  consumed  in  the  \Velsbach 
incandescent  burners. 


CHAPTER  IV. 
GAS-LEAKAGES  AND  EXPLOSIONS. 

One  of  the  most  frequent  causes  of  explosion  is  the  faulty  gas-tap.  All 
these  taps  have  a  small  pin  or  stop  inserted  in  the  plug  to  prevent  the  tape  from 
being  turned  past  the  centre,  in  such  a  way  as  to  turn  out  the  light,  and  after- 
wards allow  of  the  gas  escaping.  These  pins  or  stops  often  work  loose  and  drop 
out,  and  when  this  occurs  it  is  a  very  easy  matter  to  turn  the  tap  too  far  when 
turning  off  the  gas,  thus  turning  it  on  again;  the  person  can  merely  guess  as 
to  the  position  of  the  plug  by  the  thumb-piece,  which  may  also,  and  in  many 
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is,  twisted  out  of  its  true  position,  so  that  it  is  next  to  impossible  to  tell 
when  the  plug  of  the  tap  is  in  its  proper  place.  Where  such  pins  or  stops  are 
missing,  it  is  advisable  to  have  them  renewed  at  once. 

The  plugs  of  gas-taps  often  work  slack,  and  a  slight  leakage  of  gas  occurs 
from  them.  When  these  slack  plugs  are  left  without  attention,  the  nuts  and 
washers  generally  fall  off,  leaving  the  plug  loose.  When  the  screw-nut  hole 
enters  the  hollow  of  the  plug,  a  gas-escape  occurs  which  must  receive  attention, 
but  in  most  cases  these  holes  do  not  enter  the  gas- way,  and  as  no  leakage  occurs 
if  the  plug  is  pushed  in  every  time  it  is  used,  they  are  often  left  without 
attention  until  some  person  accidently  leaves  the  plug  out  of  its  position,  when 
it  is  quite  possible  for  an  explosion  to  result,  as  the  leakage  will  soon  fill  the 
apartment. 

Brackets  and  pendants  often  come  loose  from  their  fixing,  and  in  both  cases, 
unless  the  gas-fitter  is  called  in,  there  will  be  a  strong  leakage.  When  fittings 
come  loose,  the  strain  on  the  gas- pipes  soon  breaks  them,  and  in  either  case  the 
leakage  is  in  a  dangerous  place — i.e.  in  the  floor  or  walls. 

Water-slide  pendants  and  chandeliers  are  the  most  fruitful  source  of  explosion. 
In  both  cases,  two  or  three  table-spoonfuls  of  water  will  be  sufficient  to  keep 
them  gas-tight,  when  they  are  pushed  up  as  high  as  they  will  go,  but  if  they  are 
drawn  down  to  their  full  extent,  the  loss  by  evaporation  of  the  same  quantity  of 
water  will  soon  cause  a  very  large  leakage  of  gas,  which  may  fill  the  apartment, 
and,  if  unnoticed  by  a  person  entering  with  a  light,  may  cause  a  disastrous 
explosion.  When  fitting  new  globes  to  chandeliers,  great  care  should  be  taken 
to  have  the  weights  balanced  to  suit,  as  it  is  possible  by  merely  changing  the 
globes  to  overbalance  the  weights;  this  will  not  matter  much  so  long  as  the 
tubes  are  full  of  water,  but  will  be  dangerous  where,  owing  to  fires  being  kept 
in  the  room,  evaporation  is  rapid.  Another  source  of  danger  arises  from  the 
rapid  deterioration  of  the  brass  chains  of  all  chandeliers.  If  one  of  the  heavy 
weights  breaks  its  chain  and  falls,  the  body  of  the  chandelier  being  relieved  will 
slide  down  to  its  full  extent,  when  there  is  every  probability  of  a  leakage,  if  it 
has  not  been  attended  to  recently.  When  these  weights  fall  they  usually  alarm 
the  household,  but  there  are  many  places  where  the  fall  of  these  weights  would 
not  be  noticed,  even  in  the  daytime. 

Many  explosions  have  occurred  through  allowing  water  to  accumulate  in  the 
pipes,  not  in  sufficient  quantity  to  interfere  with  the  supply,  but  enough  to 
make  a  slight  rattle  in  the  pipes,  when  the  mice,  hearing  the  movement  of  the 
water,  may  gnaw  the  pipe  away  until  the  gas  issues. 

It  will  be  obvious  then,  that  the  whole  of  the  gas  fittings  and  pipes  require 
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to  be  periodically  overhauled  by  a  competent  gas-fitter,  the  cost  of  which  may  be 
less  than  the  price  of  the  gas  escaping  from  the  numerous  tape  and  joints  of  the 
fittings. 

When  a  leakage  of  gas  occurs,  the  first  thing  to  do  is  to  give  the  apartment 
air  by  opening  tx>th  windows  and  doors.  Then  go  down  to  the  gas-meter,  and 
turn  off  the  main-tap  above  the  meter  provided  for  the  purpose.  Next  send  for 
A  gas-fitter,  and  if  he  lights  a  caudle  to  search  for  the  escape  send  him  away  and 
get  another.  A  good  gas-fitter  will  not  risk  an  explosion  for  the  sake  of  a  few 
minutes'  time,  but  will  cut  the  pipes  and  test  them,  two  cuts  being  all  that  are 
usually  required,  even  in  u  large  residence,  to  locate  the  position  of  the  leakage. 
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SECTION  xiv. 

GAS-PRODUCING    APPARATUS   FOR   THE 
ILLUMINATION  OF  COUNTRY  HOUSES. 


CHAPTER   I. 
COAL-GAS. 

Four  kinds  of  illuminating:  gas  are  now  in  practical  use,  the  first  being  that 
obtained  from  the  distillation  of  coal,  the  second  from  the  retorting  of  oil,  the 
third  from  the  chemical  action  of  water  upon  carbide  of  calcium,  and  \k&  fourth 
from  the  evaporation  of  light  volatile  hydrocarbon  liquids.  Each  of  these  gases 
has  its  peculiar  advantages  and  disadvantages,  which,  with  the  processes  of 
manufacture,  will  now  be  briefly  described. 

A  suitable  coal  for  carbonization  can  !><•  obtained  in  small  quantities  of  10 
tons,  costing  14tf.  per  ton  delivered  in  London.  A  ton  of  this  material  cnn  l>e 
made  to  produce  from  10,000  to  10,500  cubic  feet  of  gas  in  a  small  gas-works  of 
capacity  sufficient  for  50  lights;  the  cost  of  this  gas,  even  on  such  a  small  scale 
of  working,  should  not  exceed  two  shillings  per  1000  cubic  feet. 

The  building's  and  plant  for  the  production  of  coal-gas  consist  of  a  retort- 
house,  coal-store,  condensing-apparatus,  tar-tank,  purifiers,  meter,  a«d  gasholder. 

The  retort-house  and  coal-store  should  be  weather-proof,  and  well -ventilated, 
but  free  from  draughts.  There  is  invariably  a  ventilating  roof  to  retort -houses, 
as  shown  in  Plate  XXIV.  The  apparatus  contained  in  the  building  consists 
of  the  retort-benches,  hydraulic  main,  the  coal,  stoking  and  charging  imple- 
ments, pressure-gauges,  valve-keys,  and,  generally,  all  tools  or  apparatus  which 
would  deteriorate  or  perish  on  exposure  to  the  weather.  The  retort-beu<  h 
contains  two  cast-iron  retorts,  7  feet  long,  of  a  a  section  about  16  inches  wid«> 
and  12  inches  high,  and  cast  with  a  closed  or  "  blank"  end  at  one  extremity,  and 
an  open  or  "  flanged"  end  at  the  other.  A  furnace  or  fire-grate  is  placed  under 
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6Mb  retort,  so  that  they  are  independent  of  one  another  as  regards  the  making 
of  gas.  The  exit-flue  from  each  furnace  runs  into  a  chimney  common  to  both. 
Retorts  and  furnaces  are  contained  in  a  square  body  of  brickwork  of  fire-clay 
material,  held  together  by  iron  straps  or  buckstaves  to  prevent  cracks,  which 
would  otherwise  be  caused  by  the  expansion  and  contraction  of  the  brickwork. 
An  arch  is  turned  over  the  retorts  to  relieve  them  of  any  pressure  from  the 
structure,  and  also  to  allow  the  hot  gases  from  the  furnace  to  have  full  play 
around  the  retort 

It  is  very  seldom  that  a  gas-retort  is  fused,  but  the  continual  exposure  to 
atmospheric  influences  causes  an  oxidation  or  "  perishing"  of  the  iron.  With  a 
badly -constructed  furnace,  this  deteriorating  action  is  rapid;  with  one  having  a 
considerable  depth  of  fuel,  the  period  of  life  is  greatly  increased.  The  minimum 
life  of  a  retort  having  a  thickness  of  metal  of  2  inches,  is  about  six  months; 
the  maximum,  with  gaseous  and  careful  firing,  may  exceed  eighteen  months. 

On  to  the  outside  flange  of  the  open  and  front  end  of  the  retort, — which  is 
buried  alx>ut  '2  inches  into  the  front  wall, — a  casting,  called  the  «« mouthpiece", 
U  attached.  This  mouthpiece  is  of  a  similar  section  to  the  retort,  and  is  about 
9  inches  long.  On  the  upper  side  is  cast  a  socket,  whose  inside  diameter  is  an 

inch  to  an  inch-nnd-a-half  greater  than  the 
upright  ascension-pipe  which  it  receives.  A 
gas-tight  joint  is  made  between  the  socket  and 
pipe  by  a  "rust-joint"  composed  of  sal-am- 


r*  »-ix»«m.dta»is«rtjonofRrtort          moniac  and  iron  filings.      At  the  extremity  of 
^m^>*i»Tni^:m^ir^lp<peflMlng      the  mouthpiece,  there  is  a  hinged  or  slotted- 

bar  arrangement  for  carrying  the  door  of  the 

retort,  which  by  a  mechanical  contrivance  is  pressed  upon  the  smooth  surface 
of  the  mouthpiece,  or  upon  a  "  buttering"  of  moist  lime  and  sand,  for  the  pur- 
pose of  "  sealing"  the  retort  after  it  has  been  charged. 

The  gas  given  off  by  the  destructive  distillation  of  the  coal  comes  forward  to 
the  mouthpiece,  and  passes  upwards  and  through  the  "ascension-pipe",  by  which 
it  is  conveyed  to  the  "hydraulic  main"  placed  on  the  top  of  the  retort-bench. 
Die  hydraulic  main  is  generally  supported  by  small  brick  piers,  or  cast-iron 
brackets,  at  the  height  of  three  or  four  feet  above  the  level  of  the  bench,  in  order 
to  allow  a  free  circulation  of  air  to  protect  it  from  the  reflected  heat  of  the  retort- 
bench. 

Hydraulic  mains  are  generally  of  a  half-round  section,  having  about  6  inches 
depth  of  water  at  the  bottom.  The  "  ascension -pipe"  is  continued  or  carried  over, 
either  by  a  half-round  pipe,  or  by  a  short  horizontal  length  of  circular  pipe,  to 


COAL-GAS  APPARATUS.  307 

the  hydraulic  main,  and  is  connected  to  it  in  such  a  manner  that  the  end  of  the 
former  is  covered  by  one  or  two  inches  of  the  water  in  the  latter.  The  gas  con- 
sequently has  an  upward  and  downward  motion  before  reaching  the  hydraulic 
main.  This  part  of  the  apparatus  is  provided  with  a  cover-plate 
and  a  gas-outlet,  and  can  be  arranged  to  receive  the  gas  from 
several  retorts.  The  water  covering  the  ends  of  the  pipes  . 

entering  the  trough,  technically  known  as  "  dip-pipes",  acts  at       T^   ~T 
a  "seal",  preventing  any  gas  returning  to  the  retorts,  and  con-      Dt      j 
sequently  rendering  these  independent  of  each  other,  though 
they  are  connected  with  the  same  hydraulic  main. 

The  piping  from  the  outlet  of  the  hydraulic  main  to  the 
next  portion  of  the  plant,  known  a.s  the  ••  condenser",  is  gen-       p*  m 


erally  taken  round  the  inside  of  the  retort-house,  for  the  pur 

A,  rrtart  twoch ;  ».  M- 

pose  of  reducing  the  temperature  of  the  gas  before  entering  the  "'•"''•ii  ;«?.«*»•*»* 
condensing-apparatus. 

The  remaining  apparatus  and  plant  required  in  the  manufacture  are  generally 
well  coated  with  paint  or  tar,  and  placed  in  the  open;  so  before  proceeding  with 
their  description,  a  short  account  of  the  work  in  the  retort-house  will  IK?  given. 
Upon  the  entrance  of  the  stoker  to  withdraw  a  charge  of  coal  which  has  l>een 
subjected  to  a  sufficient  period  of  distillation,  his  first  attention  should  Ix?  directed 
to  the  pressure-gauges,  as  the  indications  of  the  pressure  of  ever}'  portion  of  the 
plant  serve  to  show  the  condition  of  the  whole  works.  Any  excess  exhibited 
demands  instant  attention  and  release  before  the  retorts  are  re-charged.  The  fire 
in  the  furnace  will  require  disturbance  in  order  to  throw  down  the  a.sh  and  refuse 
and  brighten  the  fuel,  before  re-stoking.  Having  cleared  the  fire-grate,  the 
retort-lid  or  door  is  taken  away,  a  rake  having  a  "  crook  "  at  the  end  is  inserted 
into  the  retort,  and  the  solid  carbonaceous  substance  therein  withdrawn.  A 
portion  of  this  hot  fuel  is  fed  into  the  furnace,  and  the  remainder  quenched  into 
"coke".  Any  tarry  and  pitchy  particles  that  may  adhere  to  the  orifice  of 
the  ascension -pipe  are  removed,  and  a  short  iron-rod  pipe-cleaner,  or  "  augur", 
run  up  into  the  pipe.  If  a  "  luted"  lid  or  door  is  used,  the  luting  is  now 
done,  and  the  fresh  coal  shovelled  into  the  retort;  the  lid  is  then  placed  in 
its  position  and  screwed  home  or  otherwise  fastened,  and  gas-making  again 
commences. 

Some  coal  deposits  tarry  substances  in  the  "  ascension  "-pipe,  and  thus  causes 
considerable  trouble.  The  ascension-pipe  should  be  provided  with  caps,  which 
can  be  opened  for  the  insertion  of  a  clearing-rod.  It  is  sometimes  necessary  to 
light  a  few  sticks  of  wood,  previously  soaked  in  naphtha,  underneath  the  pipe, 
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after  having  opened  the  cap  or  joint  on  the  top  of  the  pipe.  In  most  cases, 
however,  the  constant  use  of  the  clearing-rod  will  prove  an  ample  means  of 
providing  clew  ascension -pipes.  A  quantity — the  greater  quantity,  in  fact — of 
tar  is  deposited  in  the  hydraulic  main,  and  is  allowed  to  run  to  the  tar-well 
through  the  same  pipe  which  conveys  the  gas  to  the  condensers.  It  is  therefore 
of  some  importance  to  keep  this  residual  product  in  a  fluid  state  during  its 
circulation  in  the  retort-house. 

At  certain  intervals,  attention  must  be  given  to  the  quantity  of  water  or 
••liquor"  In  the  hydraulic  main;  the  tar  should  never  be  allowed  to  rise  so  as  to 
cover  the  ends  of  the  dip-pipes,  for  obvious  reasons.  The  liquor  deposited  from 
the  gas  is  frequently  insufficient  to  furnish  the  requisite  supply  of  "seal",  and 
water  must  therefore  IK?  added  as  required.  A  gauge,  connected  to  the  top  and 
l»ottoni  of  the  hydraulic  main,  will  serve  to  indicate  the  condition  of  the  seal. 

It  is  usual  to  place  a  cast-iron  trough  underneath  the  furnace  for  heating 
the  retort -Wnche.s,  and  to  run  water  into  it,  so  that  any  ash  or  small  pieces 
of  fuel  which  may  e.scaj>e  through  the  bars  of  the  grate  are  quenched,  and  the 
steam  thus  produced  rises  up  into  the  fire,  cooling  the  fire-bars  on  its  way. 

In  retort-benches  of  this  description  furnaces  of  a  very  old-fashioned  and 
elementary  character  are  generally  placed,  requiring  attention  every  two  or  three 
hours.  As  the  charge  of  a  retort  requires  six  hours  before  it  is  thoroughly 
carlx>nized,  it  would  obviously  be  a  saving  of  time  if  all  the  work  could  be  done 
in  the  retort-house  when  the  charges  must  IKJ  withdrawn,  that  is  to  say,  four 
times  per  diem ;  the  time  so  occupied  would  not  exceed  one  hour  for  each  charge. 
This  method  of  arranging  the  manufacture  is  easily  accomplished,  with  very  little 
extra  cost,  by  having  a  furnace  of  suitable  capacity  only  requiring  disturbance 
four  times  in  every  twenty-four  hours. 

In  the  storage  of  coal,  it  is  important  to  "work  out"  every  heap  placed  in 
store.  Coal  allowed  to  stand  deteriorates  more  or  less  according  to  the  length 
of  exposure  to  the  atmosphere. 

With  the  exception  of  charging:  and  discharging  the  purifiers  at  various 
periods  according  to  the  quantity  of  gas  made,  the  foregoing  description  of  the 
duties  attending  gas-manufacture  will  very  closely  represent  the  daily  routine. 

Tne  condenser,  which  is  the  first  portion  of  the  outdoor  plant  to  receive  the 
crude  gas  from  the  retort-house,  aims  at  the  removal  of  tarry  matters  and  con- 
densable vapours  from  the  gas.  In  small  works,  this  is  accomplished  by  allowing 
the  gas  to  slowly  ascend  and  descend  a  number  of  somewhat  larger  pipes,  placed 
in  an  upright  position  over  a  trough  or  long  tank,  which  is  partitioned  in  such 
a  manner  as  to  ensure  the  circulation  of  the  gas.  The  gas  leaves  a  suitable 
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and  efficient  condensing-apparatus,  in  a  clean  and  clear  condition  to  the  naked 
eye.  The  trough  which  receives  the  lower  ends  of  the  upright  condenser-pipes 
serves  to  hold  the  tar,  which  separates  from  the  gaa  during  its  circuit  owing 
to  the  diminished  rate  of  progress,  and  the  reduction  of  the  temperature  of  the 
gas  upon  exposure  to  the  atmosphere. 

The  tar  is  eventually  run  into  a  storage-tank,  usually  placed  underground  on 
account  of  the  objectionable  odour  of  the  tar.  The  tar  must  be  allowed  to  stand 
in  the  tank  at  least  three  days  in  order  to  "  settle  ",  t>.  to  allow  any  inter- 
mingled liquid  to  rise  and  float  upon  the  surface;  consequently,  in  emptying 
the  tank  the  tar  should  ta  withdrawn  from  the  lower  level.  A  gallon  of  this 
tar,  at  a  high  temperature,  —  somewhat  under  boiling-point,  —  mixed  with  one- 
and-a-half  to  two  pints  of  boiled  linseed-oil,  makes  a  very  excellent  covering- 
material  for  iron  and  wood,  not  only  on  account  of  ita  preserving  qualities,  but 
also  from  its  appearance,  the  mixture  being  capable  of  producing  a  very  lasting 
lustre.  It  should  undoubtedly  be  used  in  gas-works,  owing  to  its  resistance  to 
the  action  of  fumes. 

A  quantity  of  liquid,  known  as  "ammoniacal  liquor",  is  found  on  the  top  of 
the  tar.  In  works  of  small  size  this  "  liquor",  and  the  lime  used  in  the  purifica- 
tion of  the  gas,  are  generally  known  as  the  two  ••  nuisances  ".  The  lime  can  be 
used  beneficially  on  the  land,  but  the  "liquor"  must  IK?  disposed  of  in  any  con- 
venient and  suitable  way. 

The  diminutive  size  of  the  works  is  also  a  reason  for  the  omission  of  the 
apparatus  known  as  the  "scrubber",  in  which  gas  is  subjected  to  a  prolonged 
contact  with  moistened  surfaces,  for  the  purpose  of 
absorbing  the  ammonia.  That  office  Is  therefore  per- 
formed by  the  purifiers. 

There  are  two  purifiers,  or  purifying-  boxes.  They 
are  square  in  shape,  and  resemble  an  ordinary  lx>x 
with  a  cover  or  lid.  The  bottom  and  sides  are 
generally  made  of  cast-iron  plates;  the  box  is  al>out 
3  feet  deep,  and  has  a  recess  6  to  8  inches  deep  and 
about  6  inches  wide  running  around  outside  the  top 
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of  the  side  plates,  technically  called  "  the  lute".  This       A  IBM-!**:  •»•.  ,**.  cunt*  u» 
recess  is  filled  with  water,  and  the  lid  or  cover  is  so    **' 


arranged  that,  when  in  position,  its  sides  sink  into 

this  water,  which  thus  forms  a  "seal"  or  "lute"  and  confines  the  gas  within 
the  vessel.  The  cover  is  usually  made  of  wrought-iron.  Within  the  box, 
attachments  are  made  for  horizontally  supporting  the  "  grids",  which  carry  the 
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material  used  in  purification.  The  grids  are  made  of  wooden  strips  about  4  1<  <  t 
long,  2  inches  deep,  and  three-quarters  of  an  inch  in  thickness,  spaced  about 
half  an  inch  from  one  another  by  packing  pieces,  and  each  grid  carries  a  layer 
of  lime  or  oxide  of  iron  6  inches  deep.  There  are  usually  three  tiers  of  grids 
in  each  box.  The  gas-inlet  to  the  purifier  is  attached  to  the  bottom  plan •>,  and 
the  gas  is  farced  up  through  the  interstices  of  the  purifying  medium,  and  thus 
brought  into  contact  with  absorbents  of  its  pernicious  ingredients.  The  outlet 
for  the  gas  is  cast  at  one  corner  of  the  box  formed  by  the  joint  of  two  side 
plate*. 

The  object  of  purifying*  the  g*s  is  to  remove  from  it  two  deleterious  com- 
ponent*, namely,  sulphuretted  hydrogen  and  carbonic  acid.  The  first  compound 
should  lie  completely  removed,  owing  to  its  poisonous  and  destructive  properties, 
its  presence  taing  shown  very  rapidly  by  the  gray  tinge  which  it  gives  to  all 
lead  paint,  and  the  brown  tinge  it  produces  on  all  gilding,  plating,  and  silver 
work.  The  presence  of  carbonic  acid  in  the  gas  renders  the  illumination  less 
brilliant.  The  ap|)carance  of  both  impurities  can  be  rapidly  and  easily  ascer- 
tained, and  should  ensure  the  immediate  discharge  of  the  purifying  material 
from  a  "  box  ".  The  means  of  turning  the  stream  of  gas  from  one  purifier  to 
another  is  invariably  provided  in  gas-works.  It  is  known  as  a  "by-pass",  and 
by  its  use  the  gas  is  passed  through  a  clean  purifier,  while  the  other,  which  has 
become  "  foul ",  is  being  changed.  Soft  gray  lime  proves  the  best  purifying 
agent,  and  should  not  Ix?  slaked  till  within  twenty-four  hours  of  using. 

The  purified  gras  is  led  to  the  meter,  and  from  thence  to  the  gasholder.  The 
meter  is  an  instrument  designed  for  the  measurement  of  the  volume  of  gas  made, 
but  it  is  not  a  necessary  adjunct  to  a  gas-works,  as  a  gasholder  will  act  as  an 
approximate  "  tell-tale  "  of  the  quantity  of  gas  made  and  consumed. 

A  gasholder  for  the  capacity  of  works  under  our  notice  would  have  an  out- 
side diameter  of  12  to  16  feet.  The  structure  consists  (as  shown  in  Plate  XXIV.) 
of  an  outer  tank  about  8  feet  deep,  made  of  wrought-iron  sheeting,  and  having 
a  ring  of  angle  iron,  or  member  of  some  similar  section,  around  the  top  edge. 
Attached  to  this  tank  are  the  columns  and  guides,  which  rise  in  a  vertical  position 
rather  more  than  8  feet  above  the  rail  of  the  tank.  Inside  this  tank  is  placed 
an  inverted  tank  of  slightly-diminished  diameter,  which  is  restrained  from  any 
aide  or  circular  movement  by  roller  guides  fixed  on  the  top  and  bottom,  which 
engage  with  guides  connected  to  the  inside  of  the  columns.  The  only  move- 
ments allowed  to  this  "holder"  are  consequently  those  of  rising  and  falling. 
When  filled  with  gas  the  holder  rises,  owing  to  the  effect  of  the  pressure  exerted 
on  the  top  or  "  crown  ".  The  same  pressure  is  felt  upon  the  water  placed  in  the 
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tank  to  form  a  "seal",  and  is  counteracted  by  lifting  a  quantity  of  the  liquid 
outside  in  the  annular  space  between  the  holder  and  the  inside  of  the  tank, 
which  is  only  exposed  to  the  pressure  of  the  atmosphere.  The  difference  in 
height  between  the  outside  and  inside  levels  of  water  in  the  gasholder-  tank  gives 
what  is  technically  known  as  the  "gas-pressure"  at  that  point;  in  other  words, 
^•-pressure  is  the  height  of  a  column  of  water  in  air  maintained  by  the  pressure 
of  gas.  It  is  an  invariable  object  to  reduce  the  pressure  of  gasholders;  the 
wrought-iron  sheeting  of  the  holder  is  therefore  of  very  light  material.  The 
inlet  and  outlet  gas-pipes  to  the  holder  are  carried  up  through  the  bottom  plate 
of  the  tank  above  the  level  of  the  water. 

A  "g-overnor"  is  placed  on  the  outlet-pipe  from  the  gasholder,  for  the  pur- 
pose of  modifying  any  variations  in  the  pressure  of  the  gas  due  to  the  rising 
and  falling  of  the  holder,  or  depressions  given  to  it  by  gusts  of  wind.  Such 
differences  in  pressure  are  instantly  felt  where  this  instrument  is  not  used,  caus- 
ing the  flames  in  burners  to  "jump"  or  vary  in  size  rapidly,  instead  of  burning 
with  a  steady  flame  as  is  the  ca.se  under  a  constant  pressure  of  gas.  The  position 
of  the  "governor"  is  frequently  close  to  the  i>oint  of  consumption.  This 
apparatus1  is  of  small  bulk,  and  can  be  fitted  inside  the  house  without  diffi- 
culty or  detriment,  and  is  so  designed  that,  with  either  five  or  fifty  burners  in 
action,  the  pressure  of  gas  supplied  to  them  remains  constant. 

Coal-g-as  is  without  doubt  the  most  amenable  and  well-conditioned  gas  for 
purposes  of  illumination.  It  is  a  mixture  of  compounds  of  hydro-carbons,  other 
carbon  bodies,  and  hydrogen,  very  stable  in  composition,  and  of  light  density. 
It  is  an  excellent  heat-agent,  and  easily  distributed.  It  possesses  one  unfortunate 
characteristic,  viz.  that  of  depositing  naphthalene  crystals  in  the  outdoor  service- 
pipes,  but  this  never  becomes  a  source  of  trouble  in  small  works,  and  rarely 
occurs  when  cannel-coal  or  shale  is  used.  Preference  should  IK?  given,  however, 
to  Durham  coal  or  Yorkshire  Silkstone,  on  the  score  of  cheapness,  and  freedom 
from  benzine  constituents  in  the  composition  of  the  gas.  Further,  where  the 
illumination  is  effected  by  means  of  the  excellent  ventilating  regenerative 
burners,  —  such  as  the  Wenhanr  and  Vertmarche,  —  the  illuminating  power  of 
a  cubic  foot  of  cannel  gas  is  very  slightly  above  that  of  gas  produced  from 
common  coal. 

1  See  figs.  643-646,  pp.  286-287,  VoL  II.—  Eo.  *  See  fig*.  «51-«5S,  pp.  291-292,  VoL  II—  En. 
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CHAPTER    II. 
OIL-GAS. 

There  are  two  distinct  systems  of  producing  illuminating  gas  by  the  retort- 
Ing  of  oil.  The  direct  cracking  and  gasifying  in  iron  retorts  is  the  plan  in 
general  use,  and  fractional  distillation  in  peculiar  iron  vessels  is  a  recent 

development 

The  first  of  the  above  methods  is  exemplified  in  the  well-known  Pintsch's 
oil-gas  process,  which  is  also  extensively  used  in  the  lighting  of  railway- 
carriages.  The  carbonizing  plant  for  the  supply  of  150  lights  is  shown  in 
fig.  663,  and  consists  of  a  bench  of  four  retorts  in  two  tiers,  arranged  so  that 
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each  upper  retort  is  connected  to  the  lower  one  beneath  it,  by  a  short  pipe, 
and  the  two  ovens,  thus  coupled,  form  one  complete  retort  for  the  vaporization 
of  oil.  Only  one  "couple"  of  retorta  is  used  at  a  time,  the  other  being  a 
Stand-by  for  use  during  repairs,  &c. 

The  retorts  are  from  six-and-a-half  to  seven  feet  in  length,  and  are  supported 
by  atom  Wills  over  a  furnace  of  ordinary  type.  They  vary  in  shape,  but  are 
mostly  of  o  section,  10  inches  wide  and  8  inches  in  height  They  are  heated 
by  direct  firing  from  the  furnace  below,  the  lower  retort  having  a  temperature 
somewhat  in  excess  of  the  upper  one,  for  the  specific  purpose  of  completing  the 
gasification  of  the  oil.  Each  "couple"  has  a  separate  and  distinct  hydraulic  seal. 
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The  oil  to  be  vaporized  is  run  into  the  top  retort  through  a  tube  having  two 
bends,  forming  a  natural  seal,  and  technically  known  as  a  "gooseneck"  seal,  as 
shown  in  fig.  664.  It  will  readily  be  seen  that  a  sufficient  head  of  oil  must  be 
decanted  into  the  seal  to  cause  the  liquid  to  flow  into  the  retort  against  the 
pressure  from  within.  As  the  resulting  gas  has  to  force  its  way  through  a 
hydraulic  seal,  condenser,  and  purifiers,  and  into  the  gasholder,  this  pressure  is 
frequently  sufficient  to  support  a  column  of  oil  seven  or  eight 
inches  high.  Under  such  conditions  it  would  be  necessary  to 
obtain  a  level  of  liquid  some  seven  inches  higher  in  the  longer  limb 
of  the  U-tubc,  to  ensure  the  free  passage  of  the  oil  into  the  retort. 

The  oil  flowing  into  the  upper  retort  is  conducted  for  about 
three  feet  of  its  length  in  a  wrought-iron  trough,  permitting  it  to 
receive  a  little  heat  before  coming  into  contact  with  the  cast-iron 
retort,  lest  the  latter  should  fracture  on  account  of  the  sudden 

i  •  * 

extremes  of  temperature.  In  this  retort  the  more  volatile  con- 
stituents of  the  oil  are  immediately  converted  into  vapour,  and  j>ass  with  the 
heavier  hydrocarbons  into  the  lower  retort.  The  latter  performs  two  functions. 
The  remaining  heavy  hydrocarbons  are  gasified,  and  the  whole  of  the  vapours 
and  crude  gases  are  subjected  to  the  reflected  heat  of  this  retort,  which  tends  to 
resolve  the  mixture  into  less  complex  Ixxlics  and  compounds  of  more  .stable 
character.  Such  action  is  technically  known  as  "fixing",  or  superheating.  So 
that  in  explaining  the  use  of  the  two  retorts,  we  may  say  generally,  that  the 
upper  retort  "cracks"  or  vaporizes  the  oil,  and  the  lower  retort  fixes  the 
vapours  into  illuminating  hydrocarbon  gases. 

The  manufacture  of  oil-gas  is  carried  on  with  very  little  labour  or  supervision. 
Having  adjusted  the  How  of  oil  to  the  temperature  of  the  retorts,  the  production 
of  gas,  in  many  plants  on  this  system,  continues  without  appreciable  intermission 
for  a  period  of  six  months.  The  life  of  the  retorts  is  rather  less  than  those  used 
for  the  distillation  of  coal.  The  scale  or  carbon  deposit,  left  in  oil  retorts,  is 
more  difficult  to  remove,  and  at  times  appears  to  be  fused  into  the  iron  as  a  form 
of  slag.  The  "  life"  of  a  retort,  however,  may  safely  be  put  at  six  months,  and 
each  retort  can  be  detached  and  replaced  without  difficulty  and  at  small  expense. 

The  g-as,  as  it  leaves  the  lower  retort,  passes  through  a  hydraulic  seal  of 
small  dimensions,  kept  cool  by  the  passage  of  a  continuous  supply  of  v 
through  the  vessel.     A  large  quantity  of  the  heavy  hydrocarbons  is  deposited 
at  this  point  as  tar,  the  liquid  being  carried  by  an  overflow-pipe  to  the  tar- well. 
From  the  seal,  the  gas  passes  to  the  condenser.    The  hydraulic  seal  and  condenser 

O  A  * 

perform  similar  offices  to  those  used  in  coal-gas  plants,  the  one  to  prevent  "tack 
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pressure  "  into  the  retort,  and  the  other  to  remove  the  last  particles  of  conden- 
sible  compounds. 

The  condensers  in  oil-gas  plants  are  known  as  "atmospheric  condensers", 
being  so  designed  as  to  allow  the  surrounding  air  to  circulate  freely  between  the 
upright  pipes,  or  annular  casing,  down  which  the  gas  is  conducted.  By  this 
means  a  constant  uptake  of  cool  air  robs  the  gas  of  its  high  temperature,  and, 
together  with  the  diminished  flow  generally  provided  for  in  this  apparatus, 
causes  a  quantity  of  unstable  compounds  to  separate  out  as  heavy  oil  or  light 
tar.  In  large  installations  this  liquid  is  frequently  run  off  separately,  as  it  forms 
a  very  excellent  liquid  fuel,  and  can  be  used  in  a  "  spray  ".  The  heavier  tar  is 
invariably  burnt  in  the  furnace  under  the  retorts  for  economizing  fuel  The 
total  quantity  of  tar  thus  obtained  generally  amounts  to  about  one-third  of  the 
oil  used. 

From  the  condenser  the  gas  is  passed  through  purifiers  to  remove  sulphur 
compounds,  and  finally  into  the  gasholder.  For  the  purpose  of  lighting  railway- 
carriages,  the  gas  is  compressed  in  iron  cylinders  to  a  pressure  of  from  12  to  15 
atmospheres,  but  for  domestic  use  a  pressure  of  6  inches  proves  very  suitable. 

The  quality  of  the  gas  is  very  high,  being  four  times  as  rich  as  coal-gas 
made  from  ordinary  or  common  coal;  its  illuminating  power  ranges  from  55  to 
65  candles.  In  consequence  of  this  property,  the  amount  of  gas  consumed  is 
considerably  diminished.  Flat-flume  burners  for  this  gas  are  designed  for  a 
consumption  of  one-half  to  three-quarters  of  a  cubic  foot  per  hour,  giving  an 
illuminating  power  of  10  to  12  candles.  Regenerative  burners  for  the  consump- 
tion of  this  gas  are  now  in  vogue,  increasing  its  efficiency  as  an  illummant,  and 
an  agreeable  soft  light  of  40  candle-powers  can  be  procured  by  a  consumption 
of  2  feet  per  hour. 

The  amount  of  oil  which  can  be  properly  treated  by  each  couple  of  retorts 
varies  with  the  temperature  to  which  they  are  raised,  a  general  quantity  being 
2|  gallons  per  hour.  The  yield  of  purified  gas,  taking  a  fair  average,  is 
80  cubic  feet  per  gallon  of  oil.  The  supply  of  gas  for  150  lights  in  winter  would 
necessitate  the  carlxmization  of  eleven  gallons  per  diem.  In  practice,  however, 
the  plant  would  be  operated  twice  a  week,  and  the  gasholder  designed  to  store 
three  or  four  days'  consumption.  A  very  good  oil  for  the  purpose  of  gasification 
MB  be  procured  at  a  cost  of  2jcf.  to  2|c/.  per  gallon.  The  cost  of  this  oil-gas 
will  be  about  3s.  per  1000  cubic  feet 

Heating-  and  cooking1  stoves  have  been  designed  for  the  special  use  of  oil-gas 
and  other  gases  very  rich  in  hydrocarbons,  and  give  satisfaction  in  every  way 
equal  to  stoves  burning  coal -gat. 
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Owing  to  the  slight  attention  requited,  the  freedom  from  nuisance,  the 
diminutive  size,  and  the  low  cost  of  the  plant,  this  oil-gas  system  should  obtain 
consideration.  There  are  two  items,  which,  being  satisfactorily  dealt  with,  should 
favour  its  adoption.  First,  the  supply  of  fuel  for  the  furnace,  and  secondly, 
the  carriage  of  the  oil. 

A  more  modern  method  of  obtaining  illuminating  gas  from  oil  is  the  invention 
of  Mr.  Young,  and  is  known  as  the  Peebles  process.  In  this  process  the  oil  is 
subjected  to  a  very  ingenious  system  of  fractional  distillation.  A  cylindrical 
bottle-shaped  iron  retort,  about  seven  feet  long,  having  a  diameter  of  two  feet  in 
the  body,  gradually  reduced  to  one  foot  at  the  mouth,  has  a  spherical  blank  or 
closed  end.  The  retort  is  laid  with  a  slight  fall  towards  the  closed  end,  and  is 
heated  to  a  red  or  dull  red  heat  by  a  furnace,  or  by  waste  frinon  from  other 
sources.  Oil  is  allowed  to  run  into  the  retort  in  such  a  stream  that  it  is 
vaporized  before  it  has  travelled  the  entire  length.  The  lighter  constituents  are 
vaporized  in  the  neck  of  the  vessel ;  the  remaining  {x>rtions  (consisting  of  the 
more  dense  hydrocarbons)  How  towards  the  end,  and  thus  receive  a  prolonged 
exposure  to  the  heat  of  the  retort,  which  is  necessary  to  convert  them  into 
vapour  and  gases.  Owing  to  the  considerable  diameter  of  the  retort,  the  va{>ourB 
are  exposed  to  a  large  amount  of  surface -con  tact  and  heat-reflection,  and  the 
effect  of  these  is  felt  for  a  longer  period  by  those  heavier  hydrocarbon  gases 
generated  at  the  end  of  the  retort.  The  object  of  this  arrangement  is  recognized 
when  we  consider  that  the  lighter  hydrocarbons  are  stable  compounds  of  high 
illuminating  power,  and  the  character  of  the  heavier  hydocarbons  undergoes 
a  change  of  an  improving  nature  upon  subjection  to  a  superheating  or  "  fixing" 
action.  It  is  observed,  therefore,  that  in  this  process  the  exposure  of  the  vapours 
from  the  more  volatile  constituents  of  the  oil  to  the  reflected  heat  of  the  retort 
is  considerably  less  in  comparison. 

The  gas  thus  produced  passes  through  an  oil  seal  to  prevent  "  back  pressure" 
in  the  retort,  travels  along  a  pipe  conveying  the  oil  to  the  retort,  through 
a  "washer"  or  "scrubber"  (where  the  gas,  in  small  divided  streams,  is  brought 
into  intimate  contact  with  the  oil),  and  finally  into  a  purifier  and  gasholder. 
In  its  passage  through  seal,  oil-pipe,  and  "  scrubber  ",  those  constituents  of  the 
gas  which  are  not  of  a  stable  character  are  dissolved  by  the  oil,  and  by  this 
agency  returned  to  the  retort  to  undergo  another  process  of  "cracking"  and 
"fixing".  In  this  manner,  gas  of  a  permanent  description  is  produced.  A 
great  advantage  of  this  system  is  that  no  tar  is  produced. 

The  practical  results  of  plants  on  this  system  show  that  the  whole  of  the 
oil  cannot  be  converted  into  gas.  A  small  quantity  is  lost  in  the  formation 
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of  a  bard  brilliantly -crystalline  coke,  which  has  a  great  value  in  metallurgical 
manipulations,  and  which  can  always  be  sold  for  over  £1  per  ton.  The  volume 
of  gas  obtained  from  a  gallon  of  oil  treated  by  this  process  lies  between  85  and 
88  cubic  feet,  having  an  illuminating  power  of  60  candles.  The  deposit  of  coke 
is  about  2  Ibs.  per  gallon  of  oil. 

The  conditions  under  which  the  oil  is  treated  in  this  system  of  gasification 
are  very  scientific,  and  are  attended  with  an  increased  yield  of  gas.  The  adoption 
of  this  process,  however,  should  greatly  depend  upon  the  supply  of  fuel  for 
heating  the  retort  Oil-gas  by  this  arrangement  is  obtained  at  a  cost  of  2s.  7d. 
per  1000  cubic  feet 


CHAPTER    III. 
ACETYLENE. 

In  the  year  1892,  while  making  some  experiments  with  an  electric  furnace, 
Mr.  Thomas  Leopold  Wilson  discovered  that  powdered  coal  and  lime,  mixed 
together  in  equal  parts,  fused  under  the  influence  of  very  high  temperatures, 
and  eventually  entered  into  combination,  forming  the  compound  known  as 
carbide  of  calcium.  This  substance  undergoes  an  energetic  chemical  action  with 
water — resulting  in  the  formation  of  lime,  and  the  gaseous  hydrocarbon, 
acetylene.  The  action  is  chemically  represented  by  the  following  equation : — 

Cklrtun  OtrMd*  Water  Lime  Acetylene  CM. 

CaC,         +         H,0  CaO         +         C,H, 

It  is  this  gas  which  has  claimed  the  public  attention  for  the  last  few  years  as 
an  illuminant  Compared  with  the  ordinary  coal-gas  of  16  candles,  acetylene 
shows  an  illuminating  power  of  240  candles;  in  other  words,  it  is  fifteen  times 
as  rich  in  light-giving  power. 

It  is  only  of  late,  however,  that  acetylene  has  come  into  use,  owing  to  the 
difficulty  in  procuring  a  supply  of  calcium  carbide.  Plant  for  the  extensive 
manufacture  of  the  material  has  been  erected  at  the  Falls  of  Foyer  in  Scotland, 
and  great  care  is  exercised  over  the  purity  of  the  lime  and  coke-dust;  the  pro- 
duct is  a  hard,  tough,  metallic-looking  substance,  of  a  dark-gray  colour,  tinged 
with  purple.  It  is  produced  very  nearly  chemically  pure,  which  is  an  important 
feature,  m  impure  samples  are  dangerously  explosive  when  producing  gas  under 

^BKi 

Fhere  are  a  number  of  firms  throughout  the  country  who  supply  apparatus 
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for  the  generation  of  acetylene  from  calcium  carbide;  all  are  of  different  denign 
and  construction,  but  mainly  they  rely  on  two  methods  of  producing  the  gas. 
The  first  practice  is  the  use  of  a  small  gasholder,  with  the  usual  water  seal,  but 
arranged  internally  for  the  attachment  of  a  perforated  trough  or  wire  basket 
containing  the  carbide  of  calcium.  As  the  gas  is  consumed,  the  holder  and 
basket  fall  to  the  water-level.  The  water  acting  on  the  carbide  readil  lene 

is  given  off  in  copious  volumes,  and  the  holder  rises  again  owing  to  the  accumu- 
lation of  gas.     Upon  the  rising  of  the 
holder,  the  carbide  is  removed  from 
contact  with  water,  and  the  gas-pro- 
ducing action  ceases. 

The  second  type  of  generator  is 
shown  in  fig.  665,  and  consists  of  a 
reservoir,  having  two  or  more  cham- 
bers connected  by  pipes  or  small 
openings  at  the  bottom.  A  quantity 
of  water  is  supplied  to  one  chamber, 
and  carbide  of  calcium  placed  in  the 
other.  Communication  between  the 
two  chambers  is  established,  the  water 
reaches  the  carbide,  chemical  action 
ensues,  and  acetylene  gas  is  produced. 
Finding  no  outlet,  however,  the  gas 
begins  to  exert  a  pressure,  which,  act- 
ing upon  the  surface  of  the  water, 
forces  it  through  the  channels  back  into 
the  water-chamber.  The  generating  action  consequently  ceases  so  long  as  the 
pressure  is  maintained.  Thus  the  supply  of  gas  is  automatic  and  constant,  fall 
of  pressure  admitting  water  and  permitting  the  production  of  gas,  and  a  rising 
pressure  ending  the  generation  of  the  gas  by  compelling  the  water  to  leave  the 
chamber.  In  this  latter  method  a  good  system  of  governing  the  pressures  of  the 
acetylene  gas  is  a  necessary  concomitant. 

In  either  system,  the  mode  of  obtaining  the  gas  is  remarkably  simple,  the 
apparatus  can  be  managed  and  worked  by  any  intelligent  boy  or  sen-ant  It  is 
a  very  clean  method  of  procuring  light ;  and  the  apparatus  is  compact  and  cheap. 
Many  instruments  for  generating  the  gas  can  be  charged  for  making  large 
quantities  continuously. 

The  light  obtained  from  acetylene  is  a  very  brilliant  white  light,  the  gas 


t\f  <M&  —Acetylene  gai  G*o<r»U»i. 

on,  gm^lnleU   to  bolder;    66.   watrr-lnleU   to 
chunbera.  ee,  rapport*  (or  cjUrlunj  c«rf4«J«  chamber*.  44.  nmor- 
•ble  ch«iuber-oo»er». 


HI  GAS-PRODUCING   APPARATUS  FOR   COUNTRY    HOUSES. 

being  burnt  in  flat-flame  burners  with  very  diminutive  orifices.  It  is  distin- 
guished from  coal-gas  by  the  great  absence  of  any  internal  blue  flame,  such  as 
is  usually  noticed  near  a  gas-burner.  An  acetylene  flame,  with  a  superficial 
area  equal  to  that  of  a  shilling,  will  give  an  illuminating  power  of  20  to  25 
™»ndlm  Such  on  intense  light  is  not  congenial  to  the  eyes,  and  necessitates 
the  use  of  globes  and  shades. 

Hitherto  some  difficulty  has  been  experienced  in  providing  a  suitable  burner 
for  acetylene;  even  with  those  having  exceptionally  small  orifices,  the  gas  will 
deposit  carbon  gradually,  till  the  burner  is  rendered  useless.  A  device  of  con- 
siderable ingenuity  has  brought  an  effective  burner  into  the  market.  In  the 
steatite  tip,  al>out  one-eighth  of  an  inch  below  the  orifice  for  the  gas,  four  small 
holes  are  drilled  radially  into  the  gas-way  of  the  burner.  By  this  means  a  small 
quantity  of  air  finds  its  way  into  the  gas  before  ignition,  being  drawn  into  the 
gas-channel  by  the  efflux  of  the  gas.  The  ignition  in  consequence  takes  place  at 
a  little  distance  from  the  extremity  of  the  steatite  tip.  The  value  of  the  burner 
described  is  further  enhanced  by  the  use  of  two  jets,  placed  at  an  angle  that 
causes  the  two  flames  to  impinge  on  each  other,  tending  as  it  does  to  produce  a 
stead v  broad  lijjht. 

The  question  of  illuminating:  country  houses  by  acetylene  deserves  serious 
consideration.  The  facility  with  which  the  gas  can  be  made,  the  reduced  size  of 
plant  required  for  its  generation,  and  the  brilliancy  of  the  product,  naturally 
recommend  the  .system  to  every  investigator  of  its  merits. 

<  >n  the  other  hand,  there  are  two  most  essential  conditions  required  with  the 
use  of  this  illunmiant.  The  first  consists  of  a  very  dry  and  well-ventilated  store 
for  the  carbide  of  calcium,  as  this  readily  absorbs  moisture  from  the  atmosphere 
and  gives  off  acetylene  gas.  For  this  reason,  an  apparatus  which  provides  for 
the  attachment  of  charges  of  carbide  in  cylindrical  vessels  to  the  sides  of  the 
generator,  as  shown  in  fig.  662,  has  an  advantage,  owing  to  a  large  quantity 
being  securely  imprisoned,  yet  ready  for  work  immediately  it  is  required. 

The  second  condition  referred  to,  and  which  should  be  a  conditio  sine  qua  non 
in  regard  to  the  adoption  of  the  system,  is  the  absolute  soundness  of  the  gas- 
fitting's  inside  the  house.  An  escape  of  acetylene  gas  is  fraught  with  grave  con- 
sequences. Even  in  small  quantities  its  effects  have  proved  serious;  and  every 
effort  should  I*  made  to  obtain  perfectly-sound  fittings.  Acetylene  gas,  when 
inhaled,  acts  injuriously  upon  the  haemoglobin  of  the  blood,  and  consequently 
is  a  direct  enemy  to  the  human  economy.1 


fc  abo  •  Mrioui  danger  of  explonon  when  this  gan  is  used.     Any  mixture  of  air  and  acetylene,  in  which 
tte  Utter  M  vitlua  ttw  limit.  «f  3  aod  «  per  owt  of  the  former,  is  very  eiplonve.    So  grave  is  the  danger,  that  in 
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Carbide  of  calcium  can  be  obtained  from  the  Acetylene  Illuminating  Gas  Co., 
at  the  Falls  of  Foyer,  at  a  price  of  £20  per  ton.     This  company  has  the  legal 
monopoly  of  making  the  substance  by  electrical  furnaces,  in  the  United  King- 
dom.   One  ton  of  carbide  will  produce  practically  11,000  cubic  feet  of  gas;  1000 
cubic  feet  of  gas  will  consequently  cost  £1,  13*.  4d.     Burners  consuming  $  «  uhi- 
foot  per  hour  will  give  a  light  of  25  candles,  and  few  makers  care  to  go  a  1 
this  illuminating  power,  owing  to  the  uninviting  colour  of  the  flame*. 


CHAPTER    IV. 

SPIRIT-GAS. 

There  is  another  system  of  producing  illuminating  gas,  which,  though  not 
used  extensively,  is  still  in  vogue.  The  gas  is  obtained  by  the  complete 
evaporation  of  suitable  spirits.  Such  fluids  are  obtained  from  crude  oils  by 
fractional  distillation.  They  are  highly  inflammable  l>odie.s,  and  possess  the 

Germany  the  use  of  the  gas  was  at  one  time  entirely  prohibited,  and  in  our  own  country  an  Order  in  Council,  dated 
February  26,  1897,  was  made,  prohibiting  the  keeping  of  carbide  of  calcium  without  a  license.     This  ellilifeiil  Onfer 

was  somewhat  relaxed  in  the  following  July,  the  Order  BOW  in  force  running  thus: 

"The  quantity  of  carbide  of  cakium  which  may  be  kept  without  a  license  nhall  b*  a*  follows:  — 

(a)  Where  it  is  kept  in  separate  substantial  hermetically -closed  -iiu.h  containing  not  man 

than  1  Ib.  each,        5  U^. 

(b)  Where  it  is  kept  otherwise,  Non*." 

The  necessity  for  these  regulations  is  manifest  when  we  remember  that  motnture,  acting  on  the  carbide  of  cal- 
cium, liberates  acetylene,  which,  when  mixed  with  air  in  certain  proportions,  provides  a  highly -explosive  oamponad. 

A  more  recent  Order  in  Council  (dated  November  26,  1897)  deals  with  liquid  oreomptWMd  acetylene,  and  u 
so  important  that  it  must  be  quoted  almost  in  extento:— 

"  Whereas  acetylene  when  liquid  or  subject  to  a  certain  degree  of  compression  is  specially  dangvrotM  to  life 
or  property  by  reason  of  its  explosive  properties. 

Now,  therefore,  Her  Majesty  is  pleased  by  and  with  the  advice  of  Her  Privy  Council  to  order  and  declare,  aad 
be  it  ordered  and  declared  as  follows: — 

Acetylene  when  liquid  or  when  subject  to  a  |iruemru  above  that  of  the  atmosphere  ca|*ble  of  eupportzng 
a  column  of  water  exceeding  one  hundred  incht*  in  height  and  whether  or  not  in  admixture  with 
other  substances,  shall  be  deemed  to  be  an  explosive  within  the  meaning  of  the  said  Act,  Mityert  to 
the  following  exception :  that  if  it  tie  shown  to  the  satisfaction  of  the  Secretary  of  State  thai  acetylene, 
declared  to  be  explosive  by  this  Order  when  in  admixture  with  any  substance,  or  in  aay  form  or 
condition,  is  not  possessed  of  explosive  properties,  the  Secretary  of  State  may  by  Order  exempt 
acetylene  from  being  deemed  to  be  an  explosive  within  the  said  Act. 

And  whereas  by  section  43  of  the  Explosives  Act,  1875,  it  is  provided  that  Her  Majesty  from  tun*  to 
by  Order  in  Council,  may  prohibit,  either  absolutely  or  except  in  pursuance  of  *  license  of  the  Secretary  of 
under  the  said  Act,  or  may  subject  to  conditions  or  restrictions  the  manufacture,  keeping,  importation  from  any 
place  out  of  the  United  Kingdom,  conveyance,  and  tale,  or  any  of  them,  of  any  explosive  which  is  of  so  dangerous 
a  character  that  in  the  judgment  of  Her  Majesty  it  is  expedient  for  the  public  safety  to  make  such  Order. 

And  whereas  it  is  in  the  judgment  of  Her  Majesty  expedient  for  the  public  safety  that  acetylene,  when  an 
explosive  within  the  meaning  of  this  Order,  shall  be  prohibited. 

Now,  therefore,  in  pursuance  of  the  above-mentioned  provision  of  this  Act.  Her  Majesty  is  pleased,  by  and  with 
the  advice  of  Her  Privy  Council,  to  order  and  prescribe  that  acetylene  declared  to  or  mn  erpbem  If  fAw  Order  aiaff 
be  prohibited  from  being  manufactured,  imported,  kept,  conreyed,  or  told." — En. 
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property  of  being  entirely  converted  into  gas.  They  have  a  very  low  flashing 
point,  many  degrees  below  that  of  freezing  point,  and  are  readily  volatile  at 
ordinary  temperatures.  The  two  principal  kinds  of  petroleum  spirit  used  for  the 
purpose  are  gasoline  and  carburine.  The  former  has  a  specific  gravity  of  '660, 
and  the  latter  of  '680.  The  liquid  is  invariably  stored  in  the  open  air.  As 
gasoline  requires  another  step  in  its  preparation  beyond  carburine,  and  is  conse- 
quently more  expensive,  the  latter  (or  "680  spirit)  is  most  frequently  used. 

The  apparatus  used  for  the  conversion  of  this  liquid  into  gas  for  illuminating 
purposes  is  very  compact,  consisting  of  a  small  gasholder  3  feet  6  inches  in 
diameter,  capable  of  holding  from  six  to  eight  cubic  feet  of  gas.  The  columns 
of  this  gasholder,  carrying  the  guide-runners,  support  a  platform,  on  which  a 
diminutive  retort  is  placed.  The  retort  is  heated  by  atmospheric  burners.  A 
pipe  lending  from  the  spirit-tank,  which  is  fixed  at  a  higher  level,  enters  the 
retort,  the  supply  of  liquid  being  regulated  by  a  valve  of  an  ingenious  design 
and  careful  workmanship.  The  outlet  from  the  retort  is  placed  at  the  top,  and 
is  connected  to  the  inlet  of  the  gasholder  below.  Upon  starting  the  apparatus, 
the  supply  of  gas  is  automatic.  The  burners  under  the  retort  are  ignited,  and 
a  tenijH-rature  lietween  400°  and  500°  Fahr.  imparted  to  the  vessel.  The  cock 
admitting  the  liquid  from  the  tank  is  opened,  and  the  supply  of  gas  is  controlled 
by  the  valve.  The  valve-lever  is  connected  to  the  gasholder,  and  the  rising  or 
falling  of  the  holder  actuating  the  valve  decreases  or  increases  the  flow  of  spirit 
into  the  retort.  The  carburine,  coming  in  contact  with  the  heated  surface  of  the 
retort,  is  immediately  and  completely  vaporized  into  a  rich  illuminating  gas, 
which,  by  the  pressure  created,  passes  into  the  holder. 

The  rapidity  with  which  the  supply  of  gas  can  be  obtained,  and  the  readiness 
with  which  the  process  will  adapt  itself  to  the  consumption  of  one  or  three  hundred 
lights,  have  procured  for  this  system  a  considerable  amount  of  patronage.  The 
gas,  however,  although  of  a  rich  illuminating  power  (being  of  some  60  to  70 
candles  in  value),  is  expensive,  costing  from  6s.  to  7s.  per  thousand  cubic  feet,  ac- 
cording to  carriage,  which  is  considerable  with  this  class  of  inflammable  material, 
f  all  the  methods  described  for  producing  illuminating  gases,  this  system 
demands  the  least  attention  or  cleaning.  The  spirit  is  entirely  evaporated  into 
gM,  and  leaves  no  deposit  in  the  holder  or  retort.  It  is  quickly  brought  into 
action,  and  as  quickly  stopped.  It  will  produce  a  sufficient  quantity  for  300 
lights,  or  for  maintaining  only  the  two  atmospheric  burners  necessary  for  heating 
the  retort  The  retort  and  gasholder  can  be  placed  in  the  cellar  of  the  home 
without  danger  or  nuisance.  Ordinary  oil-burners,  or  mushroom  regenerative 
burners,  may  be  used  for  its  consumption. 
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SECTION  XV. 

THE  SANITARY  ASPECT  OF  DECORATION 
AND  FURNITURE 


1.  GEXERAL  CONSIDERATIONS. 

The  essential  purposes  or  aims  of  the  iuternal  arrangements,  decoration,  and 
furniture  of  our  dwellings  are  health  and  comfort,  together  with  the  pleasure 
derived  from  the  contemplation  of  beauty  of  form  and  colour,  which  may  be 
itself  made  conducive  to  health  and  comfort  or  the  reverse.  The  necessary  con- 
ditions of  health  are  air,  light,  warmth,  and  the  alwence  of  damp  and  dirt ;  and 
no  artistic  effects  should  or  need  be  allowed  to  conflict  with  these  primary  and 
paramount  considerations. 

Light  is  scarcely  less  necessary  to  animal  life,  or,  at  any  rate,  health,  than  it 
is  to  plants.  The  production  of  haemoglobin,  the  red  pigment  of  the  blood  of 
animals,  is  dependent  on  the  enjoyment  of  the  fullest  possible  amount  of  light, 
•8  is  seen  when  one  compares  the  ruddy  complexion  of  persons  who  are  constantly 
in  the  open  air,  with  the  pallor  of  the  denizens  of  dark  dwellings,  or  of  those  who 
pass  most  of  their  time  indoors,  though  the  freer  oxidation  of  the  blood  by  the 
respiration  of  a  purer  air  is  a  no  less  active  factor.  Still,  the  influence  of  sun- 
shine— that  is,  of  the  maximum  amount  of  light — is  scarcely  less  important  as 
an  auxiliary  to  oxidation  of  the  blood. 

Even  in  the  house,  light,  and  light  of  particular  colours,  has  a  powerful 
influence  on  the  senses  and  the  mind  through  the  medium  of  the  nerves.  Dull, 
dark,  dingy  colours  are  depressing  to  the  spirits,  glaring  reds  and  yellows  are  more 
or  less  irritating,  while  white  light  is  healthful,  and  the  chemical  rays,  blue  and 
violet,  are  agreeable  and  soothing.  Persons  in  robust  health  may  not  be  much 
affected  by  these  differences,  but  the  invalid  and  sensitive  are  very  susceptible 
to  the  influence  of  colour,  which  is  doubtless  no  less  real,  though  leas  in  degree, 
on  all. 
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Dirt  was  defined  by  Lord  Palmerston  as  "mat tor  in  the  wrong  place",  and 
this  description  can  scarcely  be  improved  on.  The  groaxr  and  more  repulsive 
forms  of  dirt  find  no  place,  or  lasting  lodgment,  in  a  well-regulated  household, 
where  the  refinements  of  civilized  life  are  rightly  appreciated;  but  there  are 
other  forms  that  are  ubiquitous,  and  elude  all  ordinary  efforts  made  for  their 
prevention  and  removal. 

Foremost  among  these  is  dust,  or  the  fine  particles  of  organic  and  inorganic 
matter  which,  floating  in  the  air,  are  deposited  on  every  horizontal  surface  and 
adhere  to  every  inequality  on  walls  and  furniture.  Dust  enters  our  houses  with 
the  fresh  air  from  without,  and  is  formed  within  by  the  wear  and  tear  of  our 
carpets,  the  combustion  of  fuel  in  our  fire-grates,  &c.  It  is  of  the  most  varied 
composition.  Thnt  from  without  consists  of  fine  particles  of  sand  and  other  earthy 
matters  raised  by  the  wind,  and  produced  in  enormous  quantities  in  dry  weather, 
especially  by  the  traffic  in  roads  and  streets,  together  with  dried  and  pulverized 
horse-dung,  the  projx>rtion  of  which  varies  with  the  efficiency  of  the  scavenging. 
In  towns,  especially  in  dull  or  foggy  weather,  the  air  contains  a  large  amount  of 
soot  in  finely -suspended  particles,  or  in  floating  masses  or  "blacks".  The  internal 
dust  is  comjKxsed  of  the  light  ash  from  coal -fires,  with  more  or  less  carbon  of 
smoke,  the  debris  of  carpets  worn  by  treading  and  in  sweeping,  and  that  of 
clothing,  Ac.,  with  epithelial  scales  shed  from  the  skin,  fine  hairs,  &c.  Dust  is 
deposited  everywhere;  it  jwrmeates  carpets,  rugs,  mats,  the  covers  of  furniture, 
and  the  interior  of  cushions;  it  clings  to  curtains  and  the  margins  of  books; 
adheres  firmly  to  rough  wall-surfaces,  especially  flock-papers;  fills  the  crevices 
of  the  flooring,  and  accumulates  in  the  space  beneath  the  boards. 

Moisture  within  our  houses  is  not  wholly  due  to  external  conditions;  much 
of  it  i«  produced  within  the  house  itself  by  the  combustion  of  gas  and  oil,  and  by 
the  lung*  of  the  occupants.  These  are  the  chief  sources  of  the  water,  which, 
condensed  by  the  cold  glass  of  the  windows,  runs  down  in  streams  on  a  winter's 
night,  or,  freezing,  encrusts  the  panes  with  feathery  ice.  One  frequently  hears 
it  urged  against  impervious  wall-surfaces,  that  a  porous  wall  affords  a  certain 
amount  of  ventilation.  But,  true  as  this  is  of  the  bamboo-mat  walls  of  an  Indian 
bungalow,  the  quantity  of  air  that  can  pass  through  brick  and  plaster  is  inappre- 
ciable, and  the  evils  consequent  on  the  absorption  of  moisture  from  without  and 
it*  evaporation  within,  are  so  real  and  grave,  that  the  contention  is  unworthy  of 
serious  consideration.  The  notion  that  impervious  wall-surfaces  are  themselves 
a  cause  of  damp  in  rooms,-— a  notion  based  on  the  fact  that  drops  of  water  may 
1*  seen  standing  on  or  running  down  such  walls, — is  the  result  of  a  misappre- 
hension of  the  source  of  the  moisture,  and  the  cause  of  its  condensation,  which 


w  v I.L-BURFACW:    ABSORBEN  I     v  s  I »   KOK- AMOUKVT. 

are  the  same  as  those  of  the  water  on  the  window*;  an.l  it  would  I*  as  reAAon- 
able  to  maintain  that  thene  should  lie  made  of  munlm  or  m»-r  .n^-acl  of  glaaa, 
The  surface  of  a  plaster  or  papered  wall  always  ap|>eani  dry.  ,.m,,ly  hecau* 
moisture,  instead  of  l>eing  condensed,  » alworbed,  to  be  agnii.  .-x, -.ponied  wh-i, 
the  room  is  warmed,  leaving  behind  the  organic  matter,  cxhal.,1  !,,„„  t!,,  1,. 
until  in  course  of  time  the  wall   becomes  saturated   with  <!••,  «„„!*>,„,,,  Hnin,«l 
matter,  even  to  the  extent  of  emitting  a  musty  or  on1,  n  n 

2.   WALLS  AND  CEILIXGS. 

Limewashingr  is  suitable  only  for  stables,  cowsheds,  fowl -houses,  and  out- 
buildings. It  is  made  by  mixing  freshly-burnt  quicklime  with  water  to  the 
consistence  of  cream;  no  size  is  used,  and  it  therefore  easily  comes  off,  but  it-* 
value  consists  in  its  being  a  powerful  insecticide  and  germicide,  second  only  to 
corrosive  sublimate  as  n  disinfectant.  It  should  I*  reapplied  at  regular  |ieriotU 

Whitewashing,  although  in  some  districts  the  term  is  applied  to  liim-washing. 
is  in  reality  a  totally  different  operation.  "Whiting",  i.e.  finely -ground  chalk. 
which  has  no  disinfectant  probities,  is  mixed  with  water,  together  with  size  and 
alum  to  prevent  its  rubbing  off.  It  is  used  for  ceilings  and  rougher  walk 
and  may  be  tinted  by  the  addition  of  some  colouring  material.  It  is,  in  fact,  a 
form  of  distemper. 

Distemper  is  the  name  given  to  all  colouring  processes  in  which  the  pigments 
are  mixed  with  size,  in  distinction  from  jminting  in  oils,  in  which  the  vehicle*  are 
boiled  linseed-oil  and  turpentine.     Painting  in  distemper  is  ill  adapted  for  wood- 
work, to  which  it  does  not  adhere  well,  and  is  practically  limited  to  plaster,  which, 
however,  is  in  itself  too  absorbent,  and  require*  a  previous  drawing  with  a  coat 
of  whitewash,  prepared  with  a  larger  proiiortion  of  size,  some  alum,  and  soft 
soap.     The  objection  to  prejiaring  the  wall  with  a  couple  of  coats  of  oil-jmint  is 
that  the  condensed  moisture  will  cause  the  distemper  to  "run",  and  shows  that  dis- 
temper, unlike  paint,  is  not  impervious,  but  M absorbent  as  plaster  or  whitewash. 
The  pigments  employed,  as  prussian  blue,  indigo,  ochre,  um)»er.  Venetian  red,  Ac., 
arc  for  the  most  part  perfectly  harmless,  but  poisonous  colours  are  sometimes 
used,  as  emerald  green,  which  is  arsenical.1     And  this  caution  should  always  IK 
borne  in  mind,  since  distemper  is  not  so  firmly  adherent  as  oil-|«iint.  and  thci 
therefore  a  risk  of  the  pigment  Incoming  detached  and  Hunting  in  the  air  as  du-t. 
If  desired,  it  may  l>e  ornamented  by  panels  or  other  designs  laid  on  in  diff< : 
colours  by  means  of  stencil-plates,  which  may  be  had  in  every  kind  of  pattern. 

1 A  good  green  may  be  oUaiwd  \iy  mixing  pruMian  or  indigo  bfoe  with  y»Uow  ottoc. 
VOL.  II.  M 
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There  are,  besides,  several  kinds  of  so-called  washable  distempers, — such  as 
<  Mrs  Uuresco,  Ac., — non-absorbent  and  durable,  by  means  of  which  plaster  wall- 
may  be  made  iinjHTvious  to  moisture.  For  this  purpose,  however,  none  of 
them  can  compare  with  the  German  water-glass. 

Water-glass  is  much  used  in  Germany  for  architectural  purposes  and  decora  t  i\ v 
art.  It  is  a  silicate  of  potash,  which,  if  once  allowed  to  dry,  cannot  be  again 
dissolved  save  by  superheated  steam  or  very  prolonged  boiling,  but  in  the 
gelatinous  form,  like  size,  is  easily  soluble  in  hot  water.  Applied  as  a  wash  to  the 
soft  stone  used  for  architectural  decorative  work  and  the  tracery  of  windows,  it 
preserves  it  from  the  disintegrating  action  of  the  weather,  almost  without  alter- 
ing its  colour  or  appearance;  while  for  inner  wall-surfaces,  it  constitutes  a  non- 
ahsortant  and  therefore  washable  coat  perfectly  impervious  to  damp.  Like  dis- 
tem|>er,  it  may  be  employed  as  a  medium  or  vehicle  for  colour,  and  if  mineral 
pigments  only  are  used,  and  it  is  laid  on  a  freshly-prepared  surface  of  plaster  or 
foment,  it  sinks  in,  producing  a  |>erfect  fresco  painting.  The  great  works  of 
Kanll'u.  h  on  the  walls  of  the  museum  at  Berlin,  and  of  the  Pinakothek  at  Munich. 
are  fre.sroes  in  water-glass,  and  imperishable.  If  the  glass  be  dissolved  with  little 
water  and  used  hot,  the  effect  closely  resembles  that  of  encaustic  tiles  or  enamel. 
The  various  applications  of  water-glass,  alike  for  sanitary  and  decorative  puqx 
deserve  more  attention  than  they  have  yet  received.  There  is  also  a  soda 
silicate,  more  easily  obtainable  in  this  country,  and  convenient  for  some  purposes, 
but  from  its  far  greater  solubility  little  superior  to  ordinary  distemper. 

Most  of  the  mural  paintings  in  old  churches,  &c.,  though  commonly  called 
frescoes,  are  really  (minting*  in  distemper,  perhaps  treated  with  a  dressing  of  wax 
for  their  tatter  preservation.  True  frescoes  are  rare;  in  them  the  colours, 
necessarily  mineral,  are  ground  fine,  mixed  with  water  or  milk  of  lime,  and  laid 
on  a  freshly-prepared  surface  of  plaster,  with  which  they  become  incorporate! 
while  it  is  still  moist.  Only  a  small  surface"  can  thus  be  painted  at  a  time,  and 
once  finished  no  subsequent  touching-up  or  alteration  is  possible.  Unlike  dis- 
temper, the  work  is  practically  imperishable. 

Oil-painting1  is  the  very  best  covering  for  walls  of  halls,  dining-rooms,  libraries. 
and  indeed  of  all  others.  It  is,  however,  rarely  used  for  bedrooms,  for  which  it 
would  seem,  on  sanitary  grounds,  to  be  specially  adapted,  since  in  the  event  of 
infectious  diseases  occurring  in  the  family,  no  stripping  of  the  walls  will  be 
required,  washing  with  corrosive  sublimate,  or  even  with  soap  and  water,  taing 
Mfieiemt  for  complete  disinfection.  Paint  is  absolutely  impervious  and  non- 
absortant,  and  easily  washed.  There  is  no  danger  to  be  feared  from  the  use  of 
poisonous  pigments,  since,  unlike  distemper,  paint  does  not  rub  off. 


WALL-PAPERS  .: 

The  use  of  coloured  wall-papers,  though  known  in  China  from  time  immemo- 
rial, probably  had  its  origin  in  Kurope  in  the  endeavour  to  find  a  cheap  substitute 
for  the  costly  tapestries  whirl,  in  the  middle  ages  had  taken  the  place  of  the  mural 
paintings  of  the  Greeks  and  Romans,  or  for  the  painted  canvas  hangings  win.  h 
were  in  vogue  from  the  fifteenth  to  the  seventeenth  centuries.  But  though  • 
have  long  been  almost  universally  employed,  they  are,  with  a  few  exceptions  of 
recent  introduction,  open  to  serious  objections.  Absorbent  of  mowture,  retent  i \  «• 
of  dust  and  dirt,  to  say  nothing  of  occasional  infection,  and  (unless  \aniUbed) 
incapable  of  being  washed,  common  wall-papers  are  in  the  highest  degree  in- 
sanitary. The  "  flock-papers",  in  which  shoddy  dust  is  made  to  adhere  more  or 
less  to  the  surface  of  patterns  printed  in  glue,  are  undoubtedly  the  worst; 
happily  they  have  of  late  years  gone  much  out  of  favour.  The  pigments  used 
are  of  various  kinds,  many  of  the  mineral  colours  being  poisonous;  but  if  the 
surface  be  glazed  or  varnished,  there  is  little  danger  to  be  feared  from  prepara- 
tions of  lead,  cadmium,  Ac.  It  is,  however,  quite  otherwise  with  the  volatile 
compounds  of  mercury,  antimony,  and  arsenic,  the  last  being  by  far  the  most 
hurtful,  and,  formerly  at  any  rate,  most  extensively  employed. 

It  is  a  popular  but  erroneous  belief  that  arsenic  is  present  in  greens  only; 
but  while  every  shade  of  green  can  be  had  without  arsenic,  there  is  no  colour- 
red,  blue,  brown,  or  white — which  can  as  such  l>e  considered  safe.  The  "  simple" 
test,  recommended  in  popular  works,  of  the  deep-blue  colour  brought  out  by  the 
application  of  strong  liquid  ammonia,  is  utterly  untrustworthy,  being  properly  a 
test  for  copper,  not  for  arsenic,  and  available  in  the  case  only  of  colours  contain- 
ing Scheele's  green  or  arsenite  of  copper.  Papers  of  inferior  quality,  to  which 
the  colour  adheres  but  loosely,  are  the  most  dangerous;  those,  in  fact,  that  are 
most  used  for  bedrooms  and  the  poorer  class  of  houses.  When  acting  as  secretary 
to  a  committee  on  poisonous  pigments,  appointed  by  the  National  Health  Society r 
with  the  aim  of  obtaining  legislation  such  as  had  been  long  in  force  in  Germany, 
Austria,  Sweden,  Denmark,  and  Holland,  I  had  ample  opportunities  of  studying 
the  question.  I  have  a  book  of  samples  selected  from  among  700  examined, 
which  are  arranged  in  pairs  of  similar  colours  and  not  unlike  patterns,  so  that 
they  could  in  every  case  be  substituted  for  one  another  to  please  any  fancy,  one 
of  each  pair  being  arsenical,  often  highly  so,  and  the  other  free  from  the  least 
trace.  Every  colour  is  there  represented.  Those  made  by  W.  Woollams  &  Co. 
were  all  absolutely  free;  but  many  others,  though  guaranteed  as  such,  proved  to 
be  more  or  less  arsenical. 

No  doubt  many  alleged  cases  of  illness  thus  caused  will  not  bear  scientiti. 
investigation,  but  others  are  incontrovertible.     Though  the  effects  are  frequently 
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obscure,  dyspepsia  and  general  derangement  of  the  ilipv-tive  and  nervous 
systems,  irritation  of  the  mucous  membrane  of  the  eyes,  and  other  like 
symptoms,  relieved  by  change  of  residence  and  recurring  on  return,  should 
be  regarded  as  highly  suspicious.  Some  persons,  it  should  be  borne  in  mind, 
are  much  more  susceptible  than  others. 

Arsenic,  though  absent  from  the  paper,  may  be  present  in  the  paste,  being 
sometimes  used  as  a  preservative  to  keep  it  from  going  sour  or  putrid.  Wlu-n 
a  fresh  paper  is  to  be  put  on,  the  wall  should  be  thoroughly  stripped,  for  the 
slovenly  practice  of  leaving  coat  over  coat  of  dirty  papers  and  foul  paste  is,  to 
say  the  least,  nasty  and  unwholesome. 

Cretonnes  and  imitation  Indian  muslins  are  frequently  arsenical,  some  having 
been  found  to  contain  as  much  as  20  grains  in  the  square  yard.  Aniline  dyes, 
more  used  for  textile  fabrics  than  for  papers,  are  often  prepared  with  arsenic, 
which  is  removed  imperfectly  or  not  at  all.  In  Germany,  where  the  best  aniline 
colours  are  made,  the  use  of  arsenic  in  their  manufacture  is  illegal  ;  and  though, 
in  view  of  French  corni>etition,  an  exception  was  made  in  favour  of  the  export 
trade,  the  use  of  arsenic  was  )>eset  by  such  vexatious  restrictions,  that  the 
manufacturers  were  not  long  in  finding  equally  energetic,  though  innocent, 
reducing  agents;  but  no  such  control  is  exerted  in  this  country  or  in  France. 

Of  late  years  a  large  numlier  of  new  materials  intended  as  substitutes  for 
wall-papers,  and  possessing  various  advantages  over  them,  have  been  placed  on 
the  market.  Some  are  highly  artistic,  but  too  costly  for  the  smaller  class  of 
houses;  others  are  little  dearer,  and  from  their  greater  durability  cheaper  in  the 
end,  than  papers  of  fairly  good  quality,  and  all  are  washable.  Muraline,  the 
least-removed  in  appearance  from  ordinary  paper,  is  inexpensive,  very  durable, 
and  resists  scrubbing  with  soap,  its  speciality  consisting  in  the  preparation  and 
laying  on  of  the  colours,  which  are  not  mixed  with  size  and  water.  Fisher's 
permanent  wall-hangings  hold  an  intermediate  position  between  this  and  the 
class  of  hard,  stout,  embossed  materials,  such  as  Tynecastle  canvas,  Anaglypta, 
and  the  Salamander  decorations,  —  the  last,  being  made  with  asbestos,  is  unin- 
flammable. All  these  require  a  coat  of  varnish,  or  a  special  preparation  adapted 
to  each.  Though  richly  embossed,  the  fact  that  they  can  be  washed  with  im- 
punity obviates  the  objection  incident  to  ordinary  papers  with  raised  patterns, 
that  of  giving  a  lodgment  to  dust  But  where  cost  is  not  a  consideration,  nothing 
can  approach  Lincrusta-  Walton  as  a  non-absorbent,  extremely  durable,  and  highly 
artistic  wall-covering.  The  designs,  in  the  best  style  of  decorative  art,  stand 
out  in  bold  relief,  but  being  solid  and  made  of  an  elastic  material,  are  almost 
insusceptible  of  injury.  It  is  attached  to  the  wall  by  a  special  adhesive  and 
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waterproof  "glue",  a  preparation  of  caoutchouc,  and  may  be  gilded,  stained, 
or  painted  in  one  or  more  colours  before  being  varnished  It  is  made  in 
lengths,  panels,  and  borders,  suited  for  walls,  dadoes,  the  faces  of  pilasters, 
/es,  &c.,  and  when  deeply  stained  presents  a  close  imitation  of  Mark 
carved  oak,  yet  is  otherwise  sufficiently  characteristic  to  escape  the  stigma  of 
sham. 

Ceilings  are  commonly  whitewashed  for  the  better  reflection  of  the  light,  hut 
the  effect  while  fresh  is  not  pleasing,  and  they  soon  become  dingy  and  black 
from  smoke.  Tinting,  with  picking  out  of  the  cornices  with  colours  in  distemper, 
obviates  this  to  some  extent  and  gives  a  more  agreeable  effect;  and  papen  are 
sold  for  the  same  purpose,  but  the  objections  to  absorbent  wall-sur&OM  apply 
equally  to  ceilings,  though  they  are  not  exposed  to  friction.  There  is  no  con- 
ceivable reason  why  they  should  not  be  made  impervious  and  washable  by  paint 
applied  to  the  plaster  or  on  canvas,  if  it  can  be  made  to  adhere  firmly.  The 
best  effect  is  obtained  by  panels  of  Lincrusta,  or  of  those  materials  which  "Wrt 
nearly  resemble  it.  But  the  practice,  adopted  by  some  architects  of  parsonage* 
and  quasi-ecclesiastical  or  collegiate  houses,  of  dispensing  with  lath  and  plaster, 
and  ceiling  the  rooms  with  boards  nailed  to  the  joist*  and  varnished,  might  well 
be  more  generally  followed,  especially  in  halls,  dining-rooms,  and  libraries 

3.  BLINDS  AND  CURTAINS. 

All  curtains  are  unavoidably  collectors  of  dust,  but  this  objection  may  be 
minimized  by  their  being  hung  simply  on  poles  without  the  needless  and 
dangerous  addition  of  heavy  and  insecurely-fixed  cornices  with  heavy  fringes, 
which  it  is  impossible  to  dust;  while  in  drawing  and  morning  rooms,  nothing 
can  surpass  for  convenience,  elegance,  and  cleanliness,  the  pretty  Indian  curtain* 
made  by  stringing  short  pieces  of  bamboa 

Venetian  blinds  are  objectionable,  as  they  collect  dust,  which  is  removed  with 
difficulty,  and  are  complicated  and  always  getting  out  of  order.  Florentine 
blinds,  as  they  are  called,  are  preferable  for  excluding  the  direct  rays  of  the  sun 
without  interfering  with  the  air  and  view,  or  still  better,  the  Helios,  consisting  of 
several  broad  canvas  louvres  adjustable  at  any  angle  by  a  crank  arrangement. 
The  "  tropical  revolving  blinds  ",  devised  by  Mr.  D.  Radclyfie  for  shading  plant- 
houses,  are  equally  applicable  to  domestic  use,  and,  like  the  Indian  matting 
blinds  which  they  nearly  resemble,  give  a  soft  light  and  free  passage  to  the  air, 
permitting  a  good  view  from  within,  but  not  from  without,  thus  securing  the 
same  privacy  as  if  they  were  opaque. 
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4.  WOODWORK 

The  practice  of  covering  all  woodwork  with  paint,  concealing  the  natural 
beauty  of  the  grain,  and  perhaps  substituting  some  vulgar  imitation,  is  at  once 
senseless  and  useless.  The  preservation  of  the  wood,  and  facilities  for  keeping 
the  surface  clean,  are  equally  attained  by  the  use  of  varnish  or  polish,  which 
heighten  the  colour  and  vein,  and  bring  out  the  natural  characters  of  such  woods 
as  oak,  mahogany,  walnut,  rosewood,  maple,  and  satin -wood;  and  even  the 
common  pitch  pine,  red  deal,  and  white  deal  are,  when  so  treated,  by  no  means 
devoid  of  a  beauty,  which  if  desired  may  be  enhanced  or  varied  by  staining. 
The  only  drawback  is  the  frequent  occurrence  in  the  inferior  kinds  of  timber  of 
knots,  which  it  cannot  be  denied  are  unsightly ;  but  it  is  quite  possible  to  select 
bomi  i  ufsurti  :•  •:.•  <izcformosl  ptirpoaee  free  from  theae  diflfigoiements,  and  tltere 
are  many  American  woods  of  the  greatest  beauty,  which  can  be  obtained  in  any 
lengths  free  from  the  slightest  flaw  or  defect,  as  anyone  may  observe  in  the 
interiors  of  the  London  tramcars.  I  do  not  deny  that  rich  effects  may  l»e 
obtained  by  a  judicious  contrast  of  colours  or  shades  in  painting,  but  the  blank 
white  which  shows  up  dirt,  wears  thin  and  bald  by  frequent  use  of  soap,  and  in 
the  sulphur-charged  air  of  towns  soon  acquires  a  yellowish  or  brownish  hue  by 
the  changes  effected  in  the  white -lead,  is  utterly  tasteless,  while  graining  is 
a  mere  sham,  and,  as  such,  a  violation  of  the  elementary  principles  of  art. 

Varnish  over  the  natural  shades  of  the  wood  does  not  show  up  every  touch 
of  the  hands  or  clothing;  it  undergoes  no  chemical  action,  and  is  easily  cleaned 
by  a  cloth  with  water  alone,  while  new  coats  may  be  applied  as  often  as  may  In- 
necessary  with  little  trouble. 

5.  FLOORS  AND  FLOOR-COVERINGS. 

The  bare  and  ill-fluing  boards  until  recently  used  for  flooring  in  all  but  the 
very  best  class  of  houses,  with  their  original  inequalities  exaggerated  by  subse- 
quent shrinkage,  necessitated  the  covering  of  the  entire  floor  with  carpets, 
fastened  down,  and  removed  but  once  or  twice  in  the  year.  Such  carpets  become 
pmtiliiil  by  dirt,  which  accumulates  beneath  them,  while  the  act  of  sweeping 
produces  large  quantities  of  dust,  and  is,  indeed,  almost  the  sole  cause  of  flues, 
whirh  are  composed  chiefly  of  the  detached  fibres  of  wool.  On  every  ground  of 
health,  comfort,  and  appearance,  it  is  desirable  that  the  floors  of  all  rooms  alike 
should  be  made  perfectly  smooth  and  free  from  chinks,  then  stained  and  rendered 
A*  nearly  non-absorbent  as  possible. 
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Varnish  HOOD  wears  away,  and  sometimes  assumes  a  dull  whitwh  hue;  far 
better  (though  somewhat  more  labour  and  expense  are  in\i>lvt*l   in  the  first 
application)  is  bees'-wax  melted  with  a  little  boiled  linseed-oil  and  tui 
and  rubbed  on  with  a  flannel.     While  varnish  require  a  pn-vioua  u«e  of  SIM, 
tli.-  best  preparation  for  wax  is  the  repeated  saturation  of  the  board*  with  lolled' 
linseed-oil,  which,  hardening,  renders  them  almost  impermeabl-      If  tin-  H- 
old,  and  more  or  less  charged  with  soap  and  grant,  it  should  U-  \v,ll  planed 
before  any  attempt  at  staining.     The  stain  should  be  one  that  will  soak  • 
into  the  wood,  and  I  know  of  none  better  than  a  strong  solution  of  perman- 
ganate of  potash,  which  has  the  advantage  of  not  merely  permeating,  but  of 
entering   into  a  chemical   combination   with   the   structure  of  the  wood.     It 
00«t6  about  half  a  crown  a  pound,  and,  dissolved    in   water,  will   impart  to 
common  deal  any  shade  from  light-brown  to  black  oak,  according  to  th«  strength 
of  the  solution. 

With  such  floors,  loose  squares  of  Turkey  carpet,  Persian  or  Kirghiz  rugs,  or 
imitations  of  the  same,  may  be  laid  wherever  needed,  the  sides  and  leas-frequented 
parts  of  the  floor  being  left  uncovered.  Sweeping  and  scrubbing  are  alike 
unnecessary;  the  loose  carpets  and  rugs  arc  rolled  up  and  taken  out  of  doors  to 
be  shaken,  while  the  boards  need  only  to  !*•  wiped  over  with  clamp  cloths.  In 
bedrooms,  the  sanitary  advantages  of  this  arrangement  are  obvious,  e*|*»ciallv 
since  on  the  earliest  suspicion  of  infectious  disease,  the  rugs  can  )*•  removed  with- 
out any  trouble,  and  the  cost  of  subsequent  disinfection  avoided. 

Floorcloth  and  linoleum  are  alike  washable,  and  do  not  give  rise  to  du*t, 
though  it  may  accumulate  beneath  them  unless  they  are  glued  down  to  the  floor. 
Cork-carpet  is  a  somewhat  similar  material,  but  more  absorl>ent,  and  ul*o  lens 
noisy. 

6.  FURSITURE. 

Within  the  last  ten  years  there  has  been  a  most  gratifying  improvement  in 
the  popular  taste  as  regrards  furniture.  In  drawing-rooms,  however,  there  has 
been  a  tendency  to  overcrowding  with  the  trivial  and  the  useless.  &*i>ecially 
has  this  deterioration  been  manifested  in  the  decoration  of  the  walls  of  drawing- 
rooms,  boudoirs,  and  the  like.  That  the  art  of  Japan  has  had  an  influence  f«.r 
good  in  substituting  simplicity  of  design  and  graceful  forms  for  floridity  and 
tasteless  elaboration,  admits  of  no  dispute;  bat  the  imitation  :  -  ;  •  •  •  panned 
with  more  zeal  than  knowledge.  The  Japanese  do  not  smother  their  walls  with 
fans  and  plates,  and  their  instinctive  sense  of  the  fitness  of  things  would  be 
shocked  at  sham  shoes  or  banjoes  of  silk  and  cardlx>ard.  Indeed  the  scantiness 
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of  the  furniture  and  ornaments  in  a  Japanese  room  Mii-piix  •.>  the  European,  no 
lees  than  the  elegance  and  charm  of  tin-  little  that  lie  sees. 

In  furnishing  a  room,  ovi-n  tiling  that  interferes  with  the  freest  ventilation. 
that  favours  the  accumulation  of  dust  or  hinders  its  removal,  should  be  rigidly 
excluded.  A  desk,  cabinet,  sideboard,  chest,  or  other  heavy  piece  of  furniture, 
which  could  not  well  be  raised  on  legs,  may,  without  detracting  in  the  least  from 
its  solid  and  massive  appearance,  be  made  easily  movable  in  every  direction  l»y 
being  fitted  with  ball-rollers  of  gun-metal,  which  are  quite  invisible,  and  so 
incomparably  superior  to  castors  that  the  wonder  is  that  they  have  not  l>eeu  long 
since  applied  to  tables,  heavy  chairs,  and  couches.  Leather  covers  of  chairs  and 
couches  are  better  firmly  stuffed  and  tightly  stretched  without  "  buttoning 
down",  which,  like  all  needless  recesses  and  lodgments  for  dust  and  dirt  (as  deeply- 
embossed  plushes,  fluffy  mats,  and  furs),  are  to  be  so  far  as  possible  avoided. 

7.  SWEEPING,  DUSTIXG,  &c. 

Though  the  great  aim  of  the  architect  and  householder  should  be  the  preven- 
tion of  dust,  alxsolute  success  is  unattainable,  even  in  a  house  warmed  and 
ventilated  without  open  windows  or  coal  fires  in  the  rooms.  This  subject  has 
already  been  touched  upon  in  these  volumes,  particularly  in  Section  II.,  Vol.  I., 
and  Section  XII.,  Vol.  II.,  so  that  one  hint  must  suffice  here,  namely,  that  much 
dust  will  be  avoided  by  fitting  to  all  fire-grates  movable  bars  and  pans  to 
receive  the  ashes. 

Sweeping,  as  ordinarily  done,  contributes  largely  to  the  production  of  dust, 
and  dusting,  so-called,  utterly  fails  to  remove  it.  Flues  and  snippings,  &c., 
may  IK?  taken  up  by  a  dust-pan  and  soft  hand-brush,  and  carried  out  of  the  room, 
and  carpets,  which  are  nailed  down,  are  best  swept  by  the  mechanical  sweepers, 
which  cause  the  minimum  of  friction  and  raise  no  dust.  But  loose  carpets  or  rugs 
on  polished  floors  have  this  advantage,  that  they  may  be  rolled  up  and  cani.  •<! 
out  of  doors  to  be  beaten  or  shaken,  while  the  boards  are  wiped  with  damp  cloths. 

All  mantel  -pieces,  ornaments,  picture  -frames,  and  the  wood  and  leather  of 
furniture,  should  I*  wiped  down  with  cloths,  wrung  out  in  water  so  as  to  be  just 
damp,  and  frequently  renewed  by  dipping  and  wringing  as  fast  as  they  become 
soiled.  The  quantity  of  dust  thus  removed  is  surprising,  whereas  dry  dusting 
simply  raises  the  dust  into  the  air  to  be  deposited  again  in  the  course  of  an  hour 
or  «o.  Non-absorbent  walls  and  varnished  or  waxed  floors,  as  well  as  tiles  ami 
natural  or  artificial  stone,  may  be  kept  clean  by  wet  cloths  without  soap,  but 
bare  boards  must  be  scrubbed.  In  doing  this,  however,  the  brush  should  follow 
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tli.  grain,  ami  m»t  he  moved  in  circles,  aa  thia  U  apt  to  give  a  smeared  appear- 
ance to  the  wood  when  dry. 

Furniture  polish,  composed  of  spirit*,  turpentine,  and  oil,  with  or  without 
other  ingredient*,  should  l>e  indulged  in  as  sparingly  as  possible,  for  it  act*  as  a 
solvent  on  all  kinds  of  varnish,  and  simple  but  vigorous  nibbing  with  a  damp 
cloth  is  much  to  be  preferred.  Even  on  plnin  unvarnished  mahogany,  as  dining- 
room  table-tops,  the  shine  given  by  "  polishing  oils"  is  transient  and  illusory. 

Oil-paintings  should  never  be  touched  with  soap;  gentle  rubbing  with  a 
handful  of  cotton-wool,  with  a  to-aud-fro  movement,  first  in  one  direction  and 
then  at  right  angles,  not  round  and  round,  will  generally  suffice,  though  if  very 
dirty  a  soft  handkerchief,  just  moistened  with  water,  may  be  used.  Gold  frames 
are  l>est  cleaned  by  rubbing  with  a  cloth  wrung  out  in  the  best  paraffin  oil,  which 
will  soon  evaporate  if  the  excess  be  removed  by  a  clean  dry  cloth.  So  long  at  a 
painting  is  protected  by  varnish  the  colours  are  unaffected  by  the  products  of  the 
combustion  of  gas,  but  should  the  paint  be  found  after  cleaning  to  be  exposed, 
a  fresh  coat  of  mastic  should  }>e  laid  on  as  thin  as  possible,  and  any  "  bloom" 
that  may  appear  on  drying  removed  by  gentle  wiping  with  dry  cotton-wool. 

Gas  is  most  destructive  to  the  leather  binding's  of  books,  but  they  may  be 
protected  against  its  action,  and  if  not  too  far  gone,  restored  to  a  great  extent, 
by  the  application  of  gold  size,  which  is  also  very  useful  for  renovating  French- 
polished  furniture. 

8.  PLANTS  IN  ROOMS. 

As  to  the  pleasure  derived  from  the  cultivation  of  plants  in  rooms, — though 
very  few  are  capable  of  resisting  the  poisonous  action  of  the  products  of  the 
combustion  of  gas, — there  can  be  no  difference  of  opinion,  but  many  persons 
labour  under  the  delusion  that  their  presence  is  injurious  to  health.  It  is  true 
that  certain  powerful  perfumes  may  induce  headaches,  but  the  notion  with 
regard  to  plants  in  general  is  based  on  a  misconception  as  to  the  nature  of  the 
nutritive  process  incorrectly  called  their  respiration,  which  is  assumed  to  be 
similar  to  that  of  animals,  whereas  it  is  in  fact  precisely  the  reverse.  Animals 
absorb  oxygen  from  the  air,  giving  out  in  exchange  an  equal  volume  of  carbonic 
acid,  which  plants  al>sorb  under  the  influence  of  light,  converting  it  into  starch 
and  woody  fibre  or  cellular  tissue.  They  thus  preserve  the  purity  of  the  air 
by  removing  the  poisonous  gas  evolved  by  animals  and  the  combustion  of 
hydrocarbons,  and  maintain  the  equilibrium  of  nature.  This  process  is  suspended 
in  the  dark,  but  the  amount  of  oxygen  they  take  up  even  then  in  true  respira- 
tion is  insignificant,  and  when  one  considers  that  far  the  greater  part  of  the 
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structure  of  a  plant  is  built  up  of  the  curtail  derived  from  the  cartanic  acid 
in  the  air,  one  cannot  but  feel  that  their  power  as  purifiers  of  the  atmosphere, 
whit  h  otherwise  would  in  time  become  unfit  for  the  maintenance  of  animal  life, 
must  be  enormous. 

There  are,  however,  very  few  plants  that  can  be  grown  in  rooms  lighted  by 
gas:  aspidistras,  dracrenas,  and  some  palms,  robust  ferns,  and  cactuses,  are  the 
knot  susceptible.  The  compounds  of  sulphur,  among  the  products  of  the  com- 
bustion of  coal-gas,  are  most  fatal  to  vegetable  life,  so  that  in  this  respect  the 
smokeless  incandescent  gas-light  jxjssesses  no  advantage.1  Oil  and  candles,  being 
free  from  sulphur,  are  harmless,  and  electric  light,  like  that  of  day,  is  actually 
beneficial.  Where  gas  is  used,  the  difficulty  may  be  overcome  by  window-cases, 
the  inner  sashes  lx?ing  closed  so  soon  as  the  gas  is  lighted.  Such  cases  fitted  to 
windows,  the  outlook  from  which  is  not  pleasant,  may  be  made  extremely  orna- 
mental, ami  if  the  aspect  be  northerly  or  the  sunshine  shut  off  by  neighbouring 
buildings,  thev  may  IM?  filled  with  ferns,  palms,  and  other  plants  which  prefer 
the  shade. 

Hermetically-sealed  glass  cases,  or  simple  bell-glasses  closely  fitting  the  pan 
of  earth  lieneuth,  and  filled  with  delicate  ferns,  selaginellas,  &c.,  constitute  most 
elegant  table  decorations.  In  these  "  Wardian "  cases,  plants  will  thrive  for 
years  without  any  attention  whatever,  provided  only  they  have  as  much  light  as 
the  particular  kinds  require. 

The  use  of  foliag-e,  interspersed  with  a  few  flowering  plants,  need  by  no 
means  l*e  limited  to  rooms  and  windows.  A  skilful  florist  can  convert  an  area 
into  a  fernery  and  mass-clad  grotto,  or  a  backyard  into  a  winter-garden.  In 
these  positions  the  choice  of  plants,  and  especially  of  flowers,  is  restricted  to  such 
as  love  the  shade,  but  the  ixxssibilities  of  roofs  are  vast.  On  the  warm  sunny 
'•  leads "  of  a  wing  or  addition,  sheltered  by  the  wall  of  the  main  building,  a 
luxurious  conservatory  or  orchid-house  may  be  erected,  approached  by  glass  doors 
and  curtains  from  a  passage  or  landing;  on  the  shadier  side  may  ta  a  fernery, 
while  the  roof  of  the  house  itself,  if  the  style  permit  of  its  being  flat,  would 
afford  an  excellent  position  for  a  large  conservatory  and  a  terrace,  -with  seats 
and  taxes  of  plants,  providing  a  garden  where  there  would  otherwise  be  none, 
and  where  a  purer  air  could  be  enjoyed  than  in  the  streets  or  the  confined  gar- 
dens of  houses  in  towns.  In  this  respect  we  might  well  take  a  lesson  from  the 
peoples  of  Eastern  and  tropical  countries,  among  whom  the  house-tops  are  the 
favourite  evening  resort  of  the  family. 

UMI.  n  a  fivw  time,  and  for  UM  MUM  amount  of  light,  it  lain*  lets  gM  than  an  ordinary  burner,  and 
MT  *•  opatod  to  bur*  a  U»  rafid  rfbrt  on  planta.-Ei». 
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